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CARDIAC CONDITIONING: 
TIONS OF 


1961 


\IAY 


THE EFFECTS AND IMPLICA- 
CONTROLLED AND UNCONTROLLED 


RESPIRATION ! 


MALCOLM R. WESTCOTT 


Previous experimenters have re- 
ported the successful conditioning of 
cardiac responses in human Ss, using 
a neutral CS and electric shock as 
UCS, but the form of the reported CR 
both 


the beat by beat or second-by second 


has varied By form is meant 
activity of the heart during a period 
of measurement and 
of the 


as compared with the 


the overall rate 


ictivity during that period 
rate during a 
control period (Conditioned cardiac 


deceleration based on pairs of beats 
ilter CS has 
been reported by Notterman, Schoen- 
feld, and Bersh (1952 


Deane, and Wegner 


measured 6 sec onset 


, while Zeaman, 


1954) and Zea- 


was carried out in the 
Laboratory o ial Relations, Harvard 
liversity, in tus 5 cnita 
{ M | tts Mental 
Health Center It was yported by a 
research grant (M-1246) fror the National 
nstitutes of ealtn, nites ubii 
I Health, | l Publ 
Health Service \ portion ol this paper was 
read at the \merican Psyc hologi« il Associa 
September 1957 (Huttenlocher 


portion was sub 


1 
*t 
n 


tate 


tion meetings 
& Westcott, 195 
mitted by the 
sertation 


7 ind i 
senior author as part of a 
Harvard University, 
thank Richard I 


thro iwhout 


doctoral dis 
1958 The authors wish to 
Solomor or his counsel these 


tudies 


JANELLEN HUTTENLOCHER 


is 


1954, 1957) have 


consisting ol an 


man and Wegner 
CR 
followed by 


described a 
acceleration more 
in rate. In an 


unpublished study, cardiac condition- 


marked depression 


ing took the form of an acceleratio 
the first 


ich of 


the mean rate for 
atter CS onset | 


based on 
5 sec. these 
findings involves the 


the post & 


comparison ol 


rate with the pre-( > 


relerence point It should 
that these 


observations of the CR do not 


rate as a 


be noted three different 


necessarily contradict each 
were made at 


the CS-UCS 


measurements 
different 
interval 
both an 
from the absence of clear confirmatior 


since 


times during 


They do. however, pose 


empirical problem 


arising 
or refutation of each other as well as a 
specific problem for a stimulus- sub 
col ditioning 


to shox k 


stitution view ol 
the 
generally onsidered to be an 


Zeaman Wegner 


have sever il 


since 
typical response 
ic elet 


1954, 
stud- 


ation. and 

1957) provided 
1 } ] 

whicn explore 


ies and discussions 


the 


conditioning. 


drive-reduction view olf cardia 


In the unpublished study referred 





354 MALCOLM R. WESTCOTT AN 


io above, respiration records were 
re- 
cordings, and a study of these records 
showed that 


respiratory changes as well as changes 


taken concurrently with cardiac 


there were conditioned 


in cardiac rate. During the pretests 
when the CS was presented alone, 
i | 

the 


5% of CS presentations wer« 
accompanied 


by intakes 
breath; after 10 conditioning trials, 
the first 

33% 


sharp ol 


three extinc- 
ol CS 


an analysis of 


tion trials showed the 


presentations to be accompanied by 
When those 


trials acc ompanied by this respiratory 


such sharp inspirations 


were from the 


no conditioned 


activity eliminated 


calculations, cardiac 
acceleration was evident. 

Thus, it appeared that 
tion the relationship 
activity heart ri 

neutral conditions was called 
Further, it appeared that if this 


a clarifica- 
of between 


respiratory and ite 
under 


tor. 


RESPIRATION 


DEPTH 


L 


RESPIRATION 


SHALLOW 


respiration 
u id 


and ( irdi if 


D JANELLEN HUTTENLOCHER 


relationship proved to be a significant 
one, some control would be necessary 
in studies of cardiac conditioning. 
The aim paper 
indicate the influence of several dif- 


of this is (a) to 
ferent respiratory patterns on cardiac 
activity, (b 
conditioning study in which breathing 
the CS-UCS 
controlled, and (c) to show 
form of 


to report a cardiac 


during interval was 


both the 
the conditioned cardiac re- 
sponse and the form of the acquisition 
curve for such a_ response when 
respiration is effectively held constant 


The 


lor previously 


implications ol these findings 


reported results will 


also be discussed. 


EXPERIMENT 


\ pilot study of the effects 


on heart rate under neutral 


carried out 


RATE 


10/ MIN 20/ MIN 


66} | 
7st 
BPM 


67 
apm 
bre 


recordi ibiect 


ler nine different condition 





CARDIAC CONDITIONING 


the Ss were six men free of any 
history of cardiac difficulty lhey ranges 
in age from 23 to 45 yr 
1 pparatus.—Recordings were taken or 
two channels of a polygraph Respiration 
was measured by means of a respirometer 
iround the thorax and heart rate by mean 
i beat-by-beat cardiotachomete r, fed by lar 
electrodes attached to the chest 


re 


Procedure The > wa seated in the 


re) 
° 


experimental room and the recording ele 
trodes attached Instructions and practice 
in breathing under ine different condition 


were given Lhe ime conditions were 


HEART RATE 
_ 
a 


produced by varying three rates of respira- 


tion—6/min, 10/min, ind) 20/1 with Ahi tir ti titi tis 


three depths of ration evaluated by 


as deep, medium, and shallow \fter ! SECS 


ficient practice to stabilize the behavior IG mcurrent 1 





each these nine | ithing patterns wa ings O lated 
carried out for 15 s b ih S 
iddition, each \ i truct produce 
1 was oy ‘ urre 
isolated gasp var urrent issociated cardiac patter | for a typic | 
respiratior ! rd recording ma S ‘ 
throughou ’ 
Isolated Lasps also vielded remark- 
ably consistent cardiac patterns with 
in and between Ss \ single sharp 


Che cardia rns associated with inspiration is shown in Fig. 2 as an 


Various re. 1 patterns showed example. In the absence « respit 
very little iriability umong Ss and tory activity just prior to the 


Zasp, 
iimost no variability within an Sa fairly steady rate of approximately 
from cycle to cycle With deep 83 BPM is present. { pon inspiratio 
breathing at 6 cycles/min, a change he rate rises to a peak of 95 BPM, 
he order of 30 beats li a trough of 70 BPM 


was observed ac- c., and then rises 


heart rate o1 


BPM 


companying each respiration cycle; original level. 


it 10 cycles/min, de pendable changes 

of 14 BPM, and with 20 cycles/min, Dtscussion 
orderly fluctuation gave wav to a It is 
rapid steady rate Respiration at there ar profound and relia 
medium depth produced dependable m cardiac rate attributable t 
heart rate changes on the order of tory patterns. While the phenomen 


15 BPM, 15 BPM, and 8 BPM for of sinus arrhythmia is well known to 


the three speeds, respectively Shal- both physiologists and  psychologi 


» Tespita 


; re ' efir iol of 
low breathing yielded heart rate ‘'* @ppea that inderestimation of 
. . Doss nag ude oO l tuatior 
changes dependably associated with ible a 1c f flu — 
cardiac rate arising from respirator 
breathing at the slow and medium - ee 

- activity, and the probability of 
rates only on the order of 8 and 5 . 
BPM | shall occurrence of such respiratory 
, , respectively. or rapid shaLow have led to an underestimation 
} - . . . 
breathing the changes were smaller and importance of this phenomenon in 
irregular. Figure 1 shows an example of cardiac conditioning. Of part 


ot each type ol breathing and its importance is the fact tha 
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respiratory activity shown in Fig. 2 has 
been observed as a typical respiratory 
conditioned to a CS 
has been paired 


which 
UCS. 


re sponse 
with a noxious 
the 


in previous studies of cardiac condition 


Cardiac activity of sorts observed 
ing can readily be identified in the cardiac 


pattern shown in Fig. 2 


an acceleration 
appearing at the beginning and a larger 
deceleration at the end. 


which 


Chis is a pattern 
did, 


at ¢S 
It is apparent that if cardiac con 


would be expected if Ss 
indeed, tend to inspire reliably 
onset. 
ditioning is to be studied independent of 
respiratory influences, respiratory control 
such conditioning 


must be a part of 


studies 
EXPERIMENT II 


An attempt was next made to apply 
the above findings through a cardia 
which 
ated rigorous control of respiration 


conditioning study incorpor- 


with the usual neutral stimulus and 
shock. 
Method 


SuopeCI i mak 


students, al ‘ istory of 


college 
either 
difficult, Che 


14 yr 


cardia psychiatric 

ranged in age from 18 to 2 
Apparatus The CS was a house buzzer 

damped well with cotton and wired through 


1 timer which allowed it to sound for 7 se 
interval, i 
activated the 


shock was delivered from 


| pon completion of the 7-sec 
closed for 0.5 se ind 
shock circuit Phe 


relay 


a Reiter Electrostimulator modified to include 
a Wheatstone Bridge circuit by which changes 
Ss could be 
and the voltage altered to maintain a constant 
ind shock could be 


operated independently In 


In Os Kin resistance nonitored, 


sho k leve! The buzzer 
addition, there 
was an electric metronome in the experimental 
room, by which breathing was paced, and a 
memory drum which exposed bands of color 
The re 
was the same as in Exp. | 
Procedure The S 


experime ntal 


it 3-sec. intervals wding apparat 


was seated in the 
recording and 
stimulating electrodes attached to his 
The shock was delivered through a circular 
electrode 1 cm middle 
finger of a large saline 
Neither the 


memory drum were used 


room and the 


body 


diameter on the 
hand and 
right 
metronome nor the 


the right 


sponge on the wrist 


AND JANELLEN HUTTENLOCHER 


in the first part of the 
told that E 
electric shocks of 0.5-se« 
1-min 


experiment Phe 


was would deliver a series of 


duration at about 


intervals, beginning very small and 


each one stronger than the one preceding it 


| 


Ihe S was to evaluate each shock to it 


discomfort on a scale ranging from imper 


ceptible, through 
the limit o 


delivered only 


uncomfortable, painful, to 
tolerance Each shock 

with S’s full knowledge and 
approval and the 
when S reported his limit 
final shock intensits 


series was discontinued 
of tolerance The 
reached usually involved 
considerable bodily reaction on the 


part ol 


gross 
S and indicated that he was receiving 
shock The £&’ 


shock in the general rat 


a genuinely painful own 


experience with ‘ 


employed supports thi 
Next the 


drum were turned on and 


inference 
metronom ind the 
S was in 
and given practice in the following 
of activities until he felt comfortable w 
ind the 
stant 


showed 
to tria 


ordi 1’ 


poly yr iph res 


performance from. trial 


named colors continuously as they appeared 
on the memory drum at tervals until 


}-sec. i 
sounded buzzer 
S breathed 
paced by the consta 


at the termination of 


the buzzer during the 7-se« 


hallowh it 46 «¢ 


to color naming 
The S 
alone for the rer 
that he was to begin 
as E left the room 


was tne 


naming 
that 


ound and that 
bre ithing 


irom tin 
the buzzer would 
carry out the activity 


during the buzzer; that from time 
shock 


ils included 


ilone 


he would receive an electri 
The schedule of tri 
tations of the buzzer 


10 preset 
it random int 
averaging 90 sec., followed by 10 prese 

shock Eacl 
highest intensity 
| 


of the buzzer followed by 
was at the acceptec 


during the first part of t 
the conditioning trials the 44 


experimne 
Ss were 
into four groups of 11, each with 
intertrial interval, averaging 1 min 
\ Groups X Tria 
| 


of variance yielded no si 


J min., or / min 


intertrial 


til 
interval on conditi 


groups will not be considered separatel 
Measurements of cardiac rate 


is follows: the mean rate for the 7 


were 


mediately preceding CS onset was the 
stimulus rate; the mean rate for the 

ol CS presentation SY is the poststimulu 
the poststimulus rate minus the prestin 


in ilysis yie ld 


result In addition, 


rate was the response This 


1 net conditioning 





CARDIAC C 


cond-by 


observe 


econd il 


the of 


was 
the 


uren 


made in order 
to forin cardiac activity 
during the 


Since 


Variou rt 


cardiac 


ent periods 

to CS 

trial 
| 


ich 


rate prior onset 


rom to trial, 
response 
to that 

Oo is designed 
t that cardia 
stimulus i 
with the prestimul 


l ) te prior 
h 


respo st ( 
iccount of the f 


ou to 
ike act eler i 
tor constant itively 


The 
pre- 
for 20 
| he sc 


experi 


neg 


rrel rate 


is 
was 


level 
10 tria 


derived b 
nd 


it 


correlating 


response to shock 


over 90-se 


ide in 


with different 


terval 
ervais 


inother 
l Ss from 
idy Che product 

these 200 pairs 
of 


best-fit 


d the re gression 


level had a 

29.9 

KE into segment t 
iC h 5 


| or ¢ 
was 60 


ow an additive correction 
BPM the prestimulus level 
BPM, 0.6 BPM wa 
This 
to 


ibove 
idded to the 


| 


measured 
response provid 
the reere 


1 conditioning 


basis ol 
ipplied only 
the 


very ¢ lose ap 
Both 
trial 
this 

to 


time 


sion line 


proximation 


the 


or 


various 


ippl ible to the 


second 


sive char ve 


DIFFERENCES IN ATI 


Mi 


IN AND CARDIAC 


rH! 


RESPONSI 


BI 
Puri RI 


ANS FOR 


AND THI 
CONDITIONING 


O06 
04 
15 


Ss) 


ONDITIONING 


RESPONSE 


COMMECTED CHANGE GPW 


one TESTS 

| IG 3 
tioned « 
shock, 


is the mean for 


\cquisition curve 
irdiac 


ior a condi 


i 
response t buzzer, 


ch 


mploying 
ind resmiratory control | point 
44 Ss 


rected dat i 


erve to reduce 


The 


Varia 


bility 
icross trials 
Results 

The respiration rate was analyzed 
in terms of cycles per CS-UCS interval 
and the depth in terms of millimeters 
deflection from peak to trough on the 


There 


original recordings were no 


significant changes in respiration from 


the last three pretests to the last three 
conditioning trials as can be in 
the first columns of Table 1 
Neither mean difference is significantly 
different from zero. 

The net 


seen 
two 


results for 
are shown in Fig. 


the he 

3 and in the third 
Table 1. The curve 
indicates that the effect of the buzzer 
ind the controlled respiration was 
net decrease the 
1.1 BPM 
three pretests 
of the 
the buzzer, 


column of 


in hea 


rt rate 
the last 
institutiol 
ol 


changed 


ol 


as an average 


With the 


the terminat 


lor 
shock at 
the response 
from a deceleration to an increasingly 
marked acceleration reaching 


of 2.9 BPM mean 


three conditioning trials 


ion 


a peak 


as a the last 


for 
rhis change 
is significant well beyond the .01 level 
cl Table 1 Phe of the 
acquisition curve approximates a neg 

atively 


The 


form 


accelerated function of 


Set ond-by -Se¢ ond 


trials 


inalysis of 
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the last pretest and the last condition- 
ing trial for all Ss appears in Fig. 4 
and 5. ‘The dashed Fig. 4 
shows the smooth deceleratory effect 


line in 


of the controlled breathing pattern 
during the CS on Pretest 10. The 
4.7 BPM over the 7-sec. 
The 


Conditioning 


rate falls by 
solid line 

frial 10 and 
that at CS onset, the smooth decelera- 
Pretest 10 
replaced by a steady acceleration of 
8 BPM reaching this peak 4 sec. after 
CS onset and followed by a decline 
of 10 BPM for 3 sec 
of the UCS 


accelerated 


period. represents 


ndicates 
observed in 


tion was 


until the onset 

\t that point the heart 
rapidly by 27.1 BPM, 
after UCS 
It then declined slightly, but 
later was still more than 20 
BPM above the preshock level. 

In Fig. 5, 
cardiac activity during Conditioning 
Trial 10 plotted on the 
second-by-second observed 
in Pretest 10. 
difference between 


reac hing this peak 3 sec. 
onset. 


7 = oe 
the solid line shows the 


a baseline of 
activity 
Each point is the 
the rates at 
second of these two « omparison trials. 
Che attributable 
tioning may be 


each 
response to condi- 
des ribed as all 
acceleration, reaching its peak 4 sec. 
after CS onset, followed by 
until UCS onset. At no point on this 
corrected curve does the rate 
the CR fall 


a dec line 


during 


below the pre-CS rate. 


| 
of Wwe2-0 


he Id consta 


AND JANELLEN HUTTENLOCHER 


SECON 
ic. § 
on the last « 
held co 
on the 


Second-by-second cardiac 
onditioning trial 
tant, corrected for 


with resp 


( irdia 
} 


last pretest Each point is the differ 


ence between the rate the last pretest 


ind the rate on the last conditioni trial 
Superimposed is with 
idapted from Zea 


1957, p. 131 


compar ible 
respiration uncontrolled, 
Mal ind Wegner 


curve 


The dashed line is a comparable curve 
of response presented by Zeaman & 
Wegner (1957, p. 131) as a beat-by- 
beat analysis of the records of 63 Ss 
studied in several different condition- 
ing situations with a constant 6-se« 
CS-UCS Their curve 
raised along the ordinate so that the 
two curves would be matched at CS 


interval. was 


onset Che differences between thes« 
two curves will be considered in the 


discussion. 


Discussion 


rhe result ot these experiments Cat 


First, 


human Ss 


be addressed to three questions 
is cardiac conditioning in 
simply an artifact of respiratory activity ? 
artifact in 
tioning studies has been raised by Smith 
(1954) and has been handled by Blacl 
1956 ] [ 


thro ign 


Che general issue of condi 


the use ol paral ti 


drugs n dogs The present stud) 


demonstrates that in humans, cardiac 


conditioning is indeed more than simplh 


an accompaniment of respiratory changes 


In the absence ot respirator, change 
| 
progréssive and predictable changes it 
cardiac activit) were ob erved § a 
function of trial 
rhe second issue is the extent 
previously reported conditiones 


responses are serious! 





CARDIAC CONDITIONING 


atory activit rhe present study be solved prior to furt! 
as shown respiratory activity to be of this issue. 
an important and controllable variable. 

In I ig. 5 the Zeaman and We gner (1957) SUMMARY 
irve differs from the curve produced Previous studies of car 
the present study in respects which have yielded conflicting re 

would expect if a direct cardiac were performed to clarif 


conditioning effect were superimposed on  crepancies. Experiment | 
a fluctuating respiration-produced base- C¢lects of various patter 
line similar to that shown in Fig. 2 @UVity on cardiac acti ‘ 
° yatterns were found " 
than on a smooth one similar ! ticul 
particular respiratory patter 
to the dashed curv in uv ro cet . . 
dees a : wits Fig. 4 produced cardiac accompaniments of c 
bY controle 


spir ) } 1 
ne he Zeaman piratory activities may be 


re 
ind Wegner 1957 has a shorter cardiac conditioni 


time to maximum 1 a more marked _ respiratory control i 
deceleratory ph fferent ampli tioning, pairing 
ides of in Fig. 5 may \ conditioned « 
f 


be accounted for by 1e different intensi of respiration, was obser 


ties of noxious stimulus Zeaman and 
Wegner (1957 suggested that 


previously reported orms ot response 


the conditioned cardia 
lisition cur\ f the 
compare 
" cations o the 
may have been multiply determined by of cardia 
direct cardia nditioning and respira interpretatio 
tory activity. The present studystrongly discussed 


suggests that this is the case 


The third issue concerns the mecha 
»\ which i conditioned cardiac 
is acquired The acquisition 

tation, H 


HUTTENLOCHER 


present tud approximates er 


in increasing monotonic function of 


empiri relatio 
ind he irt rate 


F : ‘ 12, 414 
tion views of conditioning It is the Norreaman. 1.. Scis 


trials. This would be predicted by both 


drive reduction and stimulus-substitu 


precise beat-by i lorm i single, P Conditioned he 
well-established sponse which would human beings during 

be ( <pected to tell whether cardia J. con } l 1952 
activity during the CS is more similar SMITH, mditioning a 
to that at UCS onset (stimulus substitu Psychol. Rev., 1954, 61, 217-22 


. . . " \ hy ' ‘ 
tion) or at UCS termination (drive Weoner, N., & ZEAMAN, D 


reduction). Zeaman & Wegner (1954 cardiac 


-4 - unconditiones 
957) one ne eal } 958 
1957) and Wegner and Zea nan 1958) Rev., 1958, 65, 238 
have ex lis question, but in none Jeaman. D.. Deane. ¢ 
of their experiments was respiration Amplitude and late 
mpl n 


conditioned 


controlled. Similarly, the present study the conditioned heart re 

casts no light on this issue inasmuch 1954, 38, 235-250 

as the yl respiration during the ZEAMAN, D., & WEGNER 

CS inevit: roke down upon UCS drive reduction in the 
of an autonomically 
J. exb. Psvychol., 1954, 48, 349 

ZEAMAN, D)., & WEGNER, N \ 


of the role of drive re 


presentation, a it is impossible to tell 
what is the “real’’ form of the UCR 
The control of both respiratory activity 


ind gTo bodils ovement during all rdine onditioni 
phase of sucl ituations poses 43, 125-1 


formidable technical problems with hu 


man Ss, but it appears that these mus 
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RESPONSE LATENCIES PRODUCED BY MASSED AND 
SPACED LEARNING OF A PAIRED- 
ASSOCIATES LIST 


JOHN BROWN anvd M. HUDA 


Birkbeck College, University of London 


In studies of the learning of a serial then additional trials would be needed 
list or a list of paired associates, it under massed practice. Similarly, 
is customary to control the rate of reminiscence may reflect not so much 
presentation and thus to limit the an increase in the number of responses 
response period, i.e., the time avail- available as a decrease in response 
able to S for each anticipation or latencies during retention. Decrease 
response. The response period is in latencies will tend to produce 
usually about 2 sec. This is a com- reminiscence if some responses are 
paratively short period for a response available on the last learning trial but 
which involves recall. For example, could not be made quickly enough. 
one investigator found that a number (This is a slight oversimplification 
of correct responses were made in the — since under the control condition for 
second half of a 4-sec. response period reminiscence a test trial immediately 
Osgood, 1948). Consequently the follows the last learning trial. What 
results obtained when the response counts therefore is the latencies on 
period is limited may often reflect this test trial.) Naturally changes 
changes in response latencies rather in response latencies will rot affect 
than changes in the number of the number of correct responses if all 
responses available, i.e., the number latencies are less than the response 
of responses which would be available period. The finding that decreasing 
if the response period were longer. the rate of presentation decreases 
Response latencies could change in the effect of massing (Hovland, 1938b) 
several ways, without any change’ and also decreases the amount of remi 
in the number of responses available. niscence obtained (Hovland, 1938a) 
Thus the distribution of latencies is therefore suggestive evidence for 
might change in either mean, variance — the importance of latencies. 


or shape and each of these changes The main object of the present 


could lead to a greater incidence of experiment was to compare the re- 
high latency responses. . The possi- sponse latencies produced by massed 
bility arises that the observed effects and spaced practice. A second object 
of massed practice on serial and was tosee whether a retention interval 
paired-associate learning are due pri- of 15 min. differentially affects the 
marily to a tendency for response latencies associated with massed and 
latencies to be higher under massed spaced practice. Ward (1937) ob- 
practice than under spaced. Thus, tained some evidence that following 
suppose the criterion of learning is massed practice, response latencies 
a trial with all responses correct. may be lower after 2 min. or after 
If some of the latencies under massed 5 min. than after 6 sec. (the control) 
practice exceed the response period but Melton and Stone (1942) found 
on the trial at which the criterion a trend in the opposite direction for 
is reached under spaced practice, these same time intervals. In both 
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RESPONSE LATENCIES OF PAIRED ASSOCIATES 
these investigations serial learning Set inder the massed conditio 
was studied With this type of % der the distributed conditio 

distributed practice the rest 

learning, the order of the responses ct | 
. : illed with cancellation task 
is fixed so that S can prepare himself 


carried to rion of three 
in advance for the next response. Tree ials 

This means that the observed re- 

sponse latency is an equivocal measure 

of the time taken to recall the re- 

sponse \ccordingly paired associate 

learning was chosen for the present 

study, since the order of the pairs ind 


her * Ol the responses can be \ iried 


lhe 

three criterion trials was 1.562 

for the massed group al d 1.374 see 
for the spaced group. Che difference 
is highly significant (¢ 3.39, df 3 
P 002) The mean number 
trials to reach the criterion was 24.5 
tor the massed group ind 19.5 for the 
spaced group, including the first 
of the criterion trials Che difference 
is not quite significant at the 5% level 
on a ft test (t 1.93, df 38 Phis 
test is not really appropriate, however, 
since several Ss required many more 
trials than the iverage When trials 


torw 


Late 


easured by two 1 hod The first method to-learn in ne two roups wert 


volved direct 1 t of the distan compared by the Mann-Whitne 


1 the tape bet wee 


parametric test, the dif 


of the 


just significant at the 5% 


r Ft lable 1 shows the la 


playback 
1 method responses corres tly made, 


to a pe stages of learning and on the retentio 


cu irom 
ired by the 
more than .1 groups It also hows the rie 


trials for both the massed and spaced 


n the dire number of trials needed to reach each 

vith the first stage of learning by the two groups 

ruta the Staves | and II represent thi trials 
on which Ss first attained at k 


‘5 10 correct ad 1 10 correct 


respectively ; is quoted 
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TABLE 1 

LATENCIES 

DIFFERENT STAGES O} 
AND RECALI 


RESPONSI AND TRIALS AT 


LEARNING 


1.600 
1.615 
1565 


in order to fa ilitate comparison with 


experiments in which the criterion 
of learning is a single error-free trial. 
Potentiall stage I] 
the first of the 3 criterion trials but 


16 Ss in the massed group and 15 Ss 


coincides with 


in the spaced group made further 
errors after this stage. 

lable 1 shows that 
the 
and spaced groups emerges as learning 
Thus 
the difference in latencies 


040 sec., 


Examination of 


the difference between massed 


proceeds, as we would expect. 
at Stage I, 
the difference 
trial: 
difference is statistically sig- 


— 


is only and 


in trials is less than a single 
neither 
latencies 
Stage I] 
and in 
ill (P< 05 on a 
lhe 


between Stages I and 


nificant. The difference in 
first becomes significant at 
t 2.19, df 38, P £05 
trials at Stave 
Mann-Whitney 
fell by .170 se 
IV in the spaced group but by 
O21 ‘Cc. in 


decrease for 


test) latency 


only 
The 
group is 
38, P<.002) 
the decrease for the massed 
When the 
creases art compared, the difference 
(.149 sec.) is 2.19, 


S, / O5 


the massed 

the 
significant (t= 3.49, d/ 
but not 


group. 


Spat ed 


group (¢ 1). two de- 


significant (f 


to data concerning reten 


Purnin 


tion, the mean latency on the recall 


trial 1.510 sec. for the massed 


was 


3ROWN AND M. HUDA 


group and 1.375 sec. for the spaced 
group and the difference is significant 
(t 2.10, df 38, P< .05). This 
difference is a little smaller than the 
corresponding difference on the cri- 
terion trials but it is not significantly 
smaller as shown by comparing the 
scores for the difference between the 
trials 
recall 


the criterion 
the 
two groups 
P 4.580 
on the recall trial 
with the 
criterion 


mean latency on 
and the mean latency on 
trial for the Ss of the 
(t 1.78, df 38, 5S < 
The mean latency 
identical 
the third 
for the spaced group but 047 
lower for the group 
Although this is only a small decrease, 
it is just significant (¢ 2.13, df 19, 
P < .05). There was a nonsignificant 
trend in favor of better retention with 


was almost mean 


latency on trial 
was 


sec. massed 


the spaced group: only 3 Ss of this 
group made errors on the recall trial 
as compared with 9 Ss of the massed 
group (x’ 2.97) 


percentages of pairs correct, recall was 


Expressed as 


93.5% in the massed group and 98% 


in the spaced group. 


DISCUSSION 


The massing of practice trials ma 


have than one effect on learning 


I he 


practice produces higher response laten 


more 


results show clearly that massed 


practice. In a 
Miller 


have recently reported that when condi 


cies than spaced ver) 


different field, Ratner and 1959 
tioning trials are massed, response laten 
cies in earthworms are higher than when 
The finding that 
massed practice results in higher laten 


the trials are spaced 


cies helps to explain a number of results 
Any 


latencies 


reported in the literature. factor 


which increases response will 


that 
massed 


increase the chance some of the 


latencies under practice will 


r ceed the response period on the trial 


at which the criterion is reached 


paced practice In making thi 
ment, a criterion in terms of the 
correct 


tion ol responses 1s 





VITENCIES Ol 


increase response la- 


likely to 


include high stimulus 


} actors 
similarity, 
and 


periormance ol a 


meaningfulness of 
induced | 


responses 
before 


immediatel 


¢ 


factors has been 


effect of massed 
learn: high intra 
nilaritv and low meaningfulness by, 


for example, Underwood and Richardson 
and Schulz 
f fatigue by Hov 


Underwood and 


ested that mas ed 


1958 wood 


1959 


j 


period 


learning 
incidence 
, 


ne t 


during 
he 


reat he d 


vic nee 
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after massed practice to dissipate, thus 


making the latencies for the massed and 


spaced group equal. In fact the differ 


ence between the latencies fo 


groups fell from .185 se« to .135 


only, a change which was not statistically 
significant the 5° limits 


and +.266 


confidence 


for the change are + OO4 


sec.). The fall in latencies between the 


last criterion trial and the recall tria 


for the although statis 


047 se 


accumulati 


massed group 


tically significant was small 


Phese 


ol an 


findings sugg nat 
inhibition ecting formance 
a major ! 


massed 


as inade juate 
dissipate 
n dissipates fairl 1 issipation 


if inhibition during t ntertria 


interval under spaced | 


be sufficient to account 


produced 's) 
practice An alte 


latencies 


rnative interpre 


of the higher latencies 
massing is that learning 1 l 
Learning 


under massing 


volve an active sea cl { 
relations within the 
tor helpf il 


association 
, ° 
learning 


impaired a tatigue 


assing tr impairm«e 
| 


slow learning but 
Higher | 
according to 
remain higher (unless modified by further 


learning) diminish witl 


would not 
+} 
" 


e dis ipati mm ol te 


} 


reached similar nc 1 ilt 


miniscence etiect Ww 


failed to find 


rest interv il was interpolated duri ig 


1assed practice it does not now seem 


justifiable to stulate i rapidly dissi 


iting i 


format 


roup, the me latenc\ 


el of le 


ponse 


ignificantly bet Star 
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findings should be interpreted with 


caution. In general we might expect 


practice to reduce latencies. However, 
when a 5/10 stage is compared with a 
10/10 stage, at least two possible factors 
which may influence the observed change 
in latency should be taken into account. 
First, at the 5/10 stage 


making only those responses which are 


S is presumably 


relatively easy for him and which may 


therefore have a naturally lower latency 
than the more difficult responses he has 
Second, at the 5/10 
stage the number of alternative responses 
the S 
stimulus appears may be lower than at a 


yet to ac quire. 


vetween which chooses when a 
10/10 stage, since at the 5/10 stage he 
may ignore some of the pairs altogether. 
This would also tend to reduce latencies 
at the 5/10 stage. 

With paired-associate learning, massed 
practice does not often produce a statis 
tically trials-to- 


learn, trend is 


increase in 
the 
direction 


significant 
although nearly 
this 


In the present experiment, the 


always in Underwood, 
1953). 
increase was significant but only at the 
5% level size of 
the (28%). 
Thus the reason why the increase is often 
that the 
in trials-to-learn from S to S 
that the 
itself is negligible. It is plausible to 
attribute the 
to-learn for the massed group to increased 
response the 
plained his 
could be further explored by introducing 


However, the actual 


increase was quite large 


not significant is probably 
variability 
than increase 


is high rather 


observed increase in trials 


latencies, in manner ex- 


previously. hypothesis 
a trial during learning with a drastically 
reduced the 


correct 


rate of presentation. If 
hypothesis is correct, as many 


should be 


practice Ss, 


made by massed 
the 


would be 


responses 
although response la 
tencies for the former higher. 


SUMMARY 


Two groups of 20 Ss learned a list of paired 


adjectives to a criterion of three 


The 


ror o 


SUCCESSIVE 


error-tree rate Of presentation 


was 4 sec. per pair e group the inter 


the 


4 \ recall trial was given 


trial interval wa t se ind for other 
group it was 40 
atter 


were obtained l 


15 min learning Che following results 


the spaced learning group 


required significantly fewer trials (P < .05) 


AND M 


HUDA 


the 

002 
on the criterion trials for the massed group; 
c) this applied ill trial 
P < .05); (d) laten 
cies fell significantly (P < .05 the 
third criterion trial and the recall trial only 
in the case of the massed group; (¢ 


the 
latencies were significantly (P 


to reach criterion; (b response 


higher 


ilso on the rec 


nevertheless response 


between 


there was 
favor of better 
retention by the spaced group 


a nonsignificant trend in 
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ANALYSIS OF DOUBLE ALTERNATION IN TERMS OI 
PATTERNS OF STIMULI AND RESPONSES 


JAMES W. SCHOONARD ann FRANK RESTLE 


Michigan State University 


(his paper reports the results of an 1931) so that behavior was _ not 
experiment in which college students controlled by any extraneous stimuli 
were taught double alternation by The S was informed of the correct 


two methods. response no matter what his choice, 


If S learns a single response to a_ giving full knowledge of results 
fixed stimulus situation, RR R RR, Since the procedure used was similar 


it is possible that a simple stimulus- in some respects to ‘‘verbal condi 
response association has been formed. tioning’’ (Estes & Straughan, 1954), 
\lternating two responses in the the results can be related to current 
same situation, R L R L RL, may’ mathematical models of such learnin 


Hithy 


be attributed to some type ol response 
inhibition or stimulus satiation, or METHOD 


to discrimination learning based on ubie ia id iin al 


an introductory p 


simple stimulus traces from the pre- from had 
vious response. In double alternation, Michigan State University, 


RRLLRRLL, no such simple but received some academi 


. . ental work. They v . 

nechanisms will explain the behavior, pe Sty ny 
to experimental group 

lor responses must be Dased on th ppearance, except for a1 


outcomes of at least two previous _ the sex rat 
trials 12 other S 


he roul 


The nature of the process which misunderstood 


: procedure, or 
mediates double alternation is not 

errors ind he mK 
well understood One could argue could not be 


(a) that S perceives and remembers Procedure 


a sequence ol previous reiniorcing by a partitior 


: ‘ aan 
events, basing responses in a dis- vhich produced 


. told to respond 
criminative fashion on such patterns, “check” or “plus” 


(b) that past responses are remem- click The E ti 


rit 
bered and used as discriminative _ response by 


cues, or (c) that individual choices Responses by repres 
. C) were to be predictio 
unite to form a larger response chain 
re pt say next (here represented b 
of “double alternating For Group S (the stimul 
In an attempt to separate these the events (E’s repli 


possibilities experimentally, the same double alternation patter 
Thus if S tried to form 

double alternation problem was taught ; . 
; events his task should be 
in two ways. One training method  .vents were not contingent 


favored the use of stimulus patterns he might be reinforced for 


and the other favored the use of other than double alternatio 

response patterns. The physical en- o ye be no , 
( ced a patter cn 

vironment was exactly the same at Be 

ma it was out of phase 

each response as 1n the temporal events 


maze’ for animals (Hunter & Nagge, 
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were made contingent on S's 
that any double 


would be 


the events 
responses, so alternating 


pattern ol correct and 


any deviation 


responses 
wrong For example, if S 
rial 5 lrial 6, Z would 
say c on Trial 7. This procedure reinforces 
P C if it occurs, for that is 
double alternation and 


said P on ind P on 
the sequence P 
part of a 
nonreinforces a deviation such as P P P if 


sequence, 


it occurs his system does not determine 
the reinforcement for the first two responses, 


With this 


reinforced 


which were always called correct 
consistently 
double 


pattern of responses, and consistently non- 


procedure, S was 


whenever he began a alternating 
reinforced any time he produced a conflicting 
An S who never erred 


could be long to either group, and his data 


pattern of responses 


must be discarded from the comparative 
analysis. 
double-alternations (12 


were taket 


Six consecutive 
as the lear 

criterion. If S did not attain this criterion in 
100 trials, training was terminated An S’s 
performance was summarized by the trial 
on which he last made an incorrect response. 


correct responses 


) 
RESULTS 


The stimulus-pattern problem was 
clearly than the _ response- 
pattern problem. All Ss in Group S 
solved their problem, with a median 
trial-of-last-error of 10. Only 9 of 
the 20 Ss in Group R solved their 
problem. The trial-of-last- 
error of Group R was 95 the 
100 trials maximum). A 
simple median test indicates that the 
difference is significant beyond the 
.001 level. The data are summarized 
in Table 1. 


easier 


median 
(on 


basis of 


TABLE 1 


RIAL OF Last Error FoR Groups S AND R 


SCHOONARD 


AND FRANK RESTLI 


The 


Group R before solution sometimes 


irregulat responses of Ss in 
gave rise to sequences of events which 
Thus 
the Ss of Group R had pieces of the 
stimulus-pattern problem from time 
to time. 


double alternated temporarily. 


The stimulus-pattern prob 
lem is learned so rapidly that one m: 

conjecture that Ss solved the response 
pattern problem only by solving the 
stimulus-pattern problem when _ it 
accidentally. If 
find that Ss 


response-pattern 


occured this is so 
who solved 


had 


high frequency of acci- 


we should 
the 
a relatively 
dental runs of 
events before solution, and the non- 


problem 
double-alternating 


solvers should have had a relatively 
low frequency of such runs. 
To test this possibility, a run of 
events was defined as five consecutive 
events which double alternate, such 


This run 


asppccporcppce, etc. 


just long enough to 
double alternation. <A 
run of seven events like ppcepp« 


ot five seems 


characterize 
three (overlapping 


was counted as 


runs. If, contrary to our conjecture, 
learning is independent of the number 
of runs, then the number of runs at 
S experienced before solution should 
be about proportional to the number 
of trials before solution. However, 
the first four trials of the problem 
cannot mark the end of a run, so w 
deal with the number of trials minus 
four. 

Let the trial of last error be m and 
the number of runs seen before solu- 
tion be r. Then r/(n — 4) is an index 
of the proportion of runs seen by S 
The mean of this index for the 9 solvers 
in Group R was .208 (SD = .116) 
the mean 149 


The difference is favor- 


nonsolvers 
.O58). 


For 
(SD 
able to our conjecture but it 


Was 


might 
reasonably be attributed to sampling 


1.47 


variation (f 





DOUBLE ALTERNATION 


DISCUSSION 


a fixed equenc 


conditioning si 


the of events is a 


etiective 


Evidently, sequence 


salient and guide to double 


ilternating, since Group S learned very 


quickly 


ilternating chains of 


It is equally clear that double 
not 


responses art 


h perfectly con 
The fact at 
some Ss in Group R solved the problem 
100 that 
they were finally ‘“‘shaped”’ by reinforce- 

that 

past 
to 


easily formed even wit 


istent reinforcement th 


within trials indicates either 


ment they remembered enough 
ol 


events 


or 


their and reinforcing 


responses 


constitute usable discrimina 
It 
that the solvers in Group R 
of dou 


responding at 


the 


tive cues is even possible, though 


lol prove d 
succeeded by ati 


ticing runs 


ilternation in eve 


cordingly, and thereby causing 
pattern of events to remain orderly 

Phe 
+} 


that college 


1 


quick learning of Group S shows 


students can easily take 
advantage of patterns of events in this 
sort of verbal conditioning experiment. 
simple procedure 
Hake & 


Engler 


Thus our very supports 

1953), 
1958), Nicks 
Anderson 1960), all of 
whom have studied patterning in verbal 
With a deter 

such patterns 
and fixated 


contrast to the slower learning and more 


findings « Hyman 


the of 
1955 


Goodnow 
(1959), and 
conditioning situations 
minate are 


formed quickly 


sequence 


solidly, in 


variable response to partly random 


st que ne cs, 
Our lusion is that double 


tentative cone 


alternation problems require S 
at 


the 


member previous events 
enough back to discern 
Che animal studic Gellermann 
1931b, 1931c; Hus & Nagge, 
can interpreted an _ thi 
at difficulty this 


immediate they 


pattern 
193la, 
1931) 
rats 
sort of 
task do in 
delayed-response experiments, and that 
more skill 


ful at remembering past events. 


it 


Iri¢ 


have gre with 
memory 


as 


higher animals are typically 


SUMMARY 


ol students each 


ao ible 


Iwo group 20 college 
I 


were ught ilternation in a verbal 


being selectively 

ting respons 
ot events 
The 
can easily 1 


ind | 


was 
results 


events 
| 


observed 
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temporal maze 
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JUDGMENTS OF SURFACE ILLUMINATION 
\ND LIGHTNESS ! 


JACOB BECK 


of Pennsylvania 


The hypothesis that judgments of 
lightness and illumination are coupled 
psychologically was originally formu 
lated by Helmholtz (1925) 
been Ireque ntly restated since (Koftka, 
1935; Woodworth & Schlosberg, 1954) 
Though _ of 


and has 


considerable heuristic 
value, the hypothesized relationships 
between these two response variables 
fails to be predictive in many instances 
(Henneman, 1935: MacLeod, 1940, 
1947; Thouless, 1932). Beck (1959) 
proposed an alternative analysis based 
the 


lightness 


independently 


upon specifying 
the 


illumination of a 


correlates for judged 


and surlace. He 
reported on the judgments of lightness 
a single surface 


and illumination of 


consisting of a clearly pel eptible 


pattern composed of two different 
Judgments of illumina 
influ 
enced by the higher of the two light 


from the 


reflectances 


tion were found to be strongly 


intensities reflected surlace 
while judgments of lightness were a 
the 


his study suggested the possibility ol 


function of relative intensities.” 


conditions where 
the 
the reflectances ol tile 


the field 


specifying those 


changes in either objective il- 


lumination or 
would 


surfaces in visual 


This res was 
3-1876 fron 


supported by Gra 
nited State Public Health 
Service The indebted to Howard 
Eisman, Lester Phares, 
and Francis Smith for the collection of much 
of the data 

2 The correlation illuminatior 
matches and the higher light intensity in the 
four was .84 
illuminance had little affe« 
of lightn 


the relative in 


iuthor is 


Doreen Rothman, 


between Os 
experiments Changing the 
t on Os’ j idgment 
ss indicating it to be a function of 
reflected from the 
surfaces 


| 
( hange eitnel 


judgments of lightness, 
illumination, or both based upon the 
the 
The purposes ol the 
first, to 
discover for different kinds of surface 


back 


the principal factors gover: 


interrelations of stimulus cor- 


relates involved. 
experiments 


present were, 


textures, with and without a 
ground, 
ing Os’ judgments of surface illu 
minance and, second, to examine the 
judgments of 


relationship between 


surface, illumination and _ lightness 
for these conditions. 


rhe 


matching to investigate the judgments 


experiments used binocular 


of illumination and _ lightness 
the 


shown in Fig. 1 


pro 
textures 
The Os’ illumination 


duced by four surlace 


matches are compared with one or 


more of the following measures ac 


cording to the experimental condi 


tions: the illuminance of the com 
parison field which equates (a) the 
average brightness, (b) the points ol 
maximum brightness, (c) the back- 
1d I) the 


standard md 


yround brightnesses at 
illuminance of the 


comparison surtaces 


Mert 
| pparatus 


Che apparatus was similar to 
Exp. IV of 1959 The star 
comparison surtaces 
light 
whose front side two rectangular windows had 
been cut \ with i 
attached to one end was pl iced perpe idicu 
front side of the 


between the two viewing windows Vhe 


seck 
were placed in two large 
adjacent iron 


proot compartments 


partition chin 


to the compartments 
when placing his chin in the chin rest could 
standard and 


looking with one eye 


see the comparison surface 


through each window 


Illumination on the standard and cor 





ded 
ot 100 6-w bul 

t of the surfaces bel 

The O controlled the 
illumination on the comparison surface b matches. The 
means of a telephone switch which operated lightness of the 
1 motor causing a beveled plate to move irfaces with a chart 
igainst series of microswitches controlling iried in reflectance 
the individual bulbs of the light box The I 
light box was wired so that the illuminanc« 
could be varied in 40 steps from complet: 


darkness to a ma in The sounds of the 


pening and closing « he microswitches wert 


fled by iding | ked through tl 


ittached 
to directly recor 
Che E Wa ibl 
nge the setting of the 
light boxes illuminati: 
parison surlaces 
were used to keep the 
All m irements of 


1 Spectr 


llun 
hould lo 
ke his judg 
es 3 
r the ta 


10 ~t p 
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STANDARD COMPARISON 


STANDARD COMPARISON 


Fic. 1. 


B 


STANDARD COMPARISON 


D 


STANDARD 


COMPARISON 


Photographs of the standard and comparison surfaces employed 


in the different experiments 


Chey thus differ from the “speckled” and 
“striped’’ surfaces previously investigated 
(Beck, 1959 consisted of a clearly 
perceptible pattern of two different uniform 
brightnesses 

Experiment I.—The and 
parison surfaces used in Exp. I are shown as 
A in Fig. 1. They consisted of black, dark 
gray and gray Zipatone patterns placed over 
white backing The 
surfaces were placed 107 in. from O, and set 
so that he could see approximately 64 X 6} 
in. areas ol 


which 


standard com- 


one another on a 


the standard and comparison 
surfaces looking with one eye through each 
viewing window. The O was able to see only 
the target surfaces 
was placed in the 


\ small fixation point 
center of each of the 
areas 

The average reflectance of the standard 
surface was 50% and of the comparison sur- 
face 28% The points of maximum brightness 
coincided with the clear portions of the Zipa 
same for the stand- 
Two levels 
of illumination were used; the average bright- 


tone sheets and were the 
ard and comparison surfaces 
ness of the standard surface was set at 2.7 
and 6.8 ft.-L. 
mum brightness of the standard and compari- 
the average brightness of the 
surface had to be set at 1.54 and 
These values were photometrically 


lo equate the points of maxi- 


son surfaces, 
comparison 


3.88 ft.-l 


checked by brightnesses of 
the white sheets employed as backing for the 
Zipatone patterns used for the standard anc 
Since the 


reflectances of the two surfaces were the same, 


measuring the 


comparison surfaces. maximu 


a match equating the 
brightness would also equate the illuminance 
of the standard and comparison surfaces 
Experiment II The standard and con 

parison surfaces were the same as those of 
Exp. I. from 
O and set so that above and to the right of 
each surface a white background situated 21 
in. behind the visible rhe 


areas of the standard and comparison surfaces 


points of maximum 


They were now placed 90 in 


surfaces was 
visible to O were approximately 11 in. & Sin 
The Os able to see 
surfaces and their backgrounds 


were only the target 
Two levels of illumination were used: the 
average brightness of the standard 
being set at 2.4 ft.-L. and 9.3 ft.-l 
brightness of the background behind 
standard surface for the illumination 
levels was 2 ft.-L. and 7.8 ft.-l 
the brightnesses of the backgrounds behind 


surtace 


two 


To equate 


the standard and comparison surface, the 
average brightness of the comparison surface 
had to be set at 1.5 ft.-L. and 5.8 ft.-l 
These values were photometrically deter- 
mined and differed slightly from the values 


which equated the illuminance of the standard 
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rABLE 1 


MEDIANS OF Os’ ILLUMINATION MATCHES 


Ill Med Confidence 


ination 
Matches Intervals 


Ft.-L.) 
2.82 
6.40 


2.00 
6.30 


1.50-2.10 
4.60-7.40 


1.70 
3.70 


1.00 
2.10 


5 
1 


51~.93 


nterval was formed 


the ordered edians 


Experiment VII 
ployed in | xp Vi week later 
with arrangement as in 
Exp. Vi except that the backgrounds were 
removed and only the 
visible 


Twelve of the Os em 


were rerun a 


exactly the same 


target surfaces were 


RESULTS 


Table 1 shows the sample median 
and a 96.5% confidence interval for 
experiment illumination 
The confidence interval 
obtained by the fourth 
twelfth of individual Os’ medians 
arranged in order of magnitude (Dixon 
& Massey, 1957, p. 462) and gives the 
probability that 
the sample is 


each and 


level. was 


taking and 


the true median of 
within the 
The intervals may 


contained 
interval formed. 
be used to distinguish in an approxi- 
mate the 
the different 
Os’ matches. 


influence o 
luminance variables on 


wa\ relative 


the table indicates 
that in Exp. I and IV, Os were unable 
to accurately 


Inspection of 


judge surface illumi- 
Che Os’ illumination matches 
for both levels of illumination of Exp. 


nance. 


1 and for the lower level of illumina- 
Exp. IV fall 
which equate 
brightnesses of the 


suriaces. 


tion of closer to the 

the average 
standard 

The sample 
confidence intervals in all three cases 
the the 
average brightnesses of the surfaces 


settings 
and 
comparison 
contain settings equating 
but not those which equate the points 
of maximum 
the 
matches at 


brightness or illumi 

surlaces. The Os’ 
the higher 

Exp. 1\ 
fall between the settings which equate 
the illumi- 
nance of the standard and comparison 


nances ol 
illumination 
level of illumination of 


average brightness and 


surfaces. They, however, have been 
displaced downward to an unknown 
extent by the failure of the light box 
illuminating the comparison surface 
to go high enough and their meaning 
is, therefore, unclear. 

The presence of white backgrounds 
behind the standard and comparison 
surfaces in Exp. Il and III changed 
Os’ illumination matches in the direc- 
tion of accurately judging surface 
illuminance. Unlike Exp. | and IV, 
the sample confidence intervals now 
fall below the settings which equate 
the average brightnesses of the stand 
ard and and 
contain (except at the lower illumina- 
tion levels of Exp. Il and III) the 
which the illumin 
the That this 
change is due to Os’ matches being 


comparison surfaces 


settings equate 


nances ol suriaces. 
strongly influenced by the brightnesses 
of the backgrounds is indicated in 
that the sample confidence intervals 
contain the 
the background 
introduction of metallic 


settings which equate 

The 
highlights in 
Exp. V also shifted Os’ illumination 


matches away 


brightnesses. 


from an equating of 
the average brightnesses obtained in 
Exp. IV. A Mann-Whitney U 
of the lowering of illumination matches 
obtained in Exp. V showed that the 
the 


test 


P values for lower and _ higher 
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ILLUMINATION AND LIGHTNESS 


rABLE 2 


MEDIANS OF Os’ LIGHTNESS MATCHES OF 


STANDARD AND COMPARISON 


SURFACES AND THEIR BACKGROUNDS 


02 and .1, 
The range of Os’ judg- 


illumination levels were 
respectively 
the confidence 
that the 
metallic highlights were not aseffective 


ments as indicated by 


intervals, however, shows 
in shifting Os’ illumination matches as 
introducing a white background 
lable 1 shows that in Exp. VI and 
VII, Os tended to 


illuminance accurately. In 


judge surface 


both ex- 


periments, the settings equating the 


surface illuminances are contained 
in the sample confidence intervals 
he experiments do not permit an 
analysis of the variables of luminance 
Os’ 


indicated by 


reflectance which might govern 


matches. Though 
the 


the removal of 


not 


median illumination matches, 
the background sur- 
faces raised Os’ illumination matches 
slightly in VII (Sign test 
P < .05 for both the lower and higher 
illumination levels). 


lable 


lightness 


Exp 


medians of Os’ 
the 


2 shows the 
matches of standard 
and thei 
the different 


Inspection of the table indi- 


and comparison surlaces 


bac kvrounds ior experi- 


ments. 


cates that except for Exp. 1V li 
constancy was good, with Os’ m 
clearly distinguishing between 

lightnesses of the standard and com- 
Sign 


reflectances of the grays on 


parison surfaces tests of 
matched as 
the 


surtaces 


Hering chart which Os 
equal in 
and 
significant at the .001 level. In Exp 
IV, lightness constancy was impaired, 
the 
matches of the 


lightness to standard 


comparison were all 


and medians of Os’ lightness 
and cot 
sign 
light- 
the stand- 
ard and comparison surfaces showed 
P for both levels of illumination to be 
the differ- 
ences in lightness matches occurring 
with increasing 
I, IV, and \ 
oo one 


ness matches of the background sur- 


stand ird 
parison surfaces were identical 
tests of the differences in the 


ness matches obtained for 


greater than .5. Tests of 


illuminance in Exp 
were not significant 


rhe increase in the light- 


| xp Vl was signin 
O01 le ve | 
lightness matches were not obtained 


in Exp. VI and VII, Os’ verbal reports 


face occurring 


cant at the Though explicit 
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indicated a high degree of constan y ol 
the standard and comparison surfaces. 

A comparison of Tables 1 and 2 
shows that the relationship between 
judgments of surface lightness and 
illuminance occurring in the various 
was complex and not 
even notably consistent. In Exp. II, 


Ill, VI, and VII, lightness constancy 


relatively, 


experiments 


was accompanied by a 


accurate judgment of surface illumi- 
nance. However, in Exp. I, lightness 
constancy was accompanied by an 


inaccurate judgment of surface il 
luminance while in Exp. IV, the same 
kind of inaccurate judgment of surface 
illuminance was accompanied by im 


The 


highlights in 


introduction 
Exp. V 


but 


paired constancy. 
of metallic 
produced lightness constaney 
failed to yield corresponding accurate 


judgments of surface illuminance. 


DISCUSSION 


need to 


” examined with respect to (a) the basis 
for he 


the relationship between judgments 


judgment of illumination and 
surface lightness and illumination 


When the light not 


an individual is 


visible, 
judge the illu 
only by 
There are, 
reflected 
with the illumina- 


source is 
ible to 
mination of a surfacs means of 
the reflected 


however, many 


luminance. 
variables of the 
luminance which vary 
indications of it 


tion and can serve as 


Changes of illumination may be in 


cated, for example, by the distinctness of 


the surface texture, the average bright 


ness of a surface, the points of maximum 


brightness of a_ surface, background 


brightnesses, tl 


e brightness of highlights, 
band nN 


forth 
behavior in the 


shadows, edge gradients and so 


Observation of Os’ 


experiments suggested that in judging 
g y 


the surface illuminance de\ 


eloped a 


selective orientation to the timulu 


variables available Questioning of 


indicated that a fe consciously chose 


criterion ez... ti ry 10 match the 


brig 


Exp. \ 


ht 
Hniness 


judgments to be based on an 
visual impression which they wer« 
likely that the 


degree to which different stimulus vari 


to analyze. Thus, it is 


ables influence illumination judgment 


varies depending upon surface textut 


finishes, spatial arrangements of neig! 


boring surfaces, intensity levels and 


other situational factors Individual 


differences may arise because Os respond 

differently to the 

\ complete description of a 
: : 


Variables 


variable 


stimulus 


present 


possibl and thet de yree ol 


utilization is a sizeable task of lit 


inherent interest However, to at 
some of the que stions conne¢ ted 
the problems of surface perception 
perception of luminousness, and lightne 


constancy it is useful to be able toidentil 
the principal variables 
The 


those of 


results of these 
1959) indicate the 


experim 


Beck 


tion of three kinds of variables de pe nding 


situation In the 
Beck 1959 
speckled and spotted and 
Exp. Il and III, the illumination ju 
strongly influenced by 
reflected 


upon the stimulus 


work reported by 


surfaces 


ments were 


intensity of the light from 


clearly discriminable areas of high surface 
In compaf®ri 


no clearl 


or background brightness. 
l and IV, whe 


discriminable areas of 


son, in Exp. 
surtace 
or bac kground esent 


points ol high brightness 


brightness were pr 
were part ol 
the brightness gradients which provide 


the basis for the perception of a par 
ticular surface texture), the illuminati 
strongly influenced b 


reflected from the 


judgments wer¢ 
the average intensit' 


surface In all these experiments, the 


surfaces were placed so that neither 
shadows nor highlights were 
In Exp. V, VI, and VII highlights were 
present as a result of the metallic sparkles 
and the Phe 
judgments of illumination in Exp. VI 
VII suggest that Os’ illumination 
judgment based the 


brightne ot the 


present 


wood finish accurate 
and 
were absolute 
or relative 
irtace 

highlights in | 
judgment 


due to thet 


the wood 


metallic 


present 


more accural¢ 


illumination may have be 
intense brightness which made it difficul 
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te discriminate 


It should be 


which have 


illumination changes 


noted that the variables 
been separately considered, 
imely, highlights, background bright 


nesses, and surface brightnesses ordi 


varily are present 


mbir 


together and pre 

le to give an impression 
illumination Consequently, care 
is needed in generalizing the 
be yond the 


results 
implified conditions of the 
experiments 

According to the viev judg 
ments of lightne and illumination are 
couple d psyvt | log ally, 


tancy should fail badly where judgments 


lightness con 


illumination are close o 
intensity of the reflected 
ters thy 


pletely inaccurate judgments of 
incident illuminatio rhe results of the 
experiments suggest an alternative ex 
planation of the connection of judgments 
of lightness and illumination based upon 
the relationships of the individual cor 
( onstan n xT av be 
I presence 
surtace 
lightness 

ties in adjacent 

constancy in Exp. IV 
be due to the absence ol 
harp brightne gradients F se of the 
flannel cloth 
Judgments of illumination, however, 


in both Ex al IV would be ina 


curate becaus hey are at least in part 


diffuse reflectance of the 


i function of the average intensity of the 
light reflected upport for the con 


jecture oO where lightness 


constancy ts obtained by the introduction 


ff metallic highlights which also intro 


e sharp bri ness gradients within 


the surface of a disk from 
i dimly illu d white to a strongly) 


illuminated black with the introduction 
Gelb’s 


explained 


f a piece paper in 
periment 


if judged lightne 


similarly 
take nto be a tun 
stimulus 


study of 


of the relation hips of 
site as indicted y the 


1959) and judged illumination 


_ 
Of 


is taken to be a function of the maximum 


intensity as indicated by I 


SUMMARY 


lightnes 

ind the preset e ot 
iatching using the 
was employed wit! 
parisor surfaces be 

each with monocular 

head, in i completel) 


ments indicated ju 


tion 
unique 
was propose d 


of the correla 
illuminatior 


illun ition of 
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MATHEMATICAL SOLUTION IN THE ACQUISITION O] 
\ VERBAL CR 


1. ¥ 


Grant, Hake, and Hornseth (1951) 
have noticed a certain peculiarity in 
S’s behavior during the acquisition 
of a verbal CR. Humphreys’ (1939) 
“guessing game’’ was used by them 
to establish verbal CRs 


tically different stimulus rates. 


to stochas- 
The 
stimulus was a lamp and Ss were 
required to guess whether the lamp 
would or would not flash on. The 
light flashed 0, 25, 50, 75, and 100% 
of the time in separate experimental 
sessions. If Ss behaved according to 
the mathematical solution for getting 
hits, they should have 
that the lamp 
would not flash when the probabilities 
of flashing were lower than .50 and 


maximum 


consistently guessed 


the opposite when the probabilities 
higher than .50 Ss 
their rate of emission to 


were Instead, 
adjusted 
equal the rate of the flashing of the 
Estes (1954 


behavior and 


reported 
that Ss 
learned that the rate of response can 


lamp. has 


similar shows 
lor by a probability 


1953) 


be accounted 


learning model. Grant sug- 
gested that .S might choose a mathe- 
matically optimal solution if he were 
instruc- 


reminded of his 


the 


continually 


tions to maximize number of 


accurate ‘‘guesses.’ 

The present study was carried out 
find a means of 
the 
the 


means is to give S more information 


in an attempt to 


making Ss adopt mathematical 


solution. One of most obvious 


about his performance by allowing 


him to evaluate his performance from 


time to time \ somewhat modified 


form of the ‘‘guessing game” was used 


Instead of flashing or not flashing 


DAS 


, Cuttack, India 


lamps, a series of yeses and noes wer 


spoken. 


Che S was asked to predict 


whether yes or mo would occur next 


After S had made his response, either 


with 
with a 


yes a probability of .25 or 


probability of .75 


no 
occurred 
according to a fixed random schedule 
independent of S’s response 


METHOD 
\ random series of 75 ye ind 25% \ 
tape recorded with a fixed interval of 10 sex 
The ») 
required to guess during this interval whether 
word would be a The 
main experiment was preceded by a practice 


between any two words wert 


the next ves Or a no 


test comprising of 10 trials to familiarize S 
with the Altogether 5 blocks of 
25 trials presented the 
experiment, repetitior 
of the first 

The Ss instructed to 
their the left-hand 
record sheet provided ind the correspondi 
heard from the 
on the right-hand side It was i 


proc edure 
main 


during 
last block being 


were 
the 


dow! 
the 


wert write 


gyuesse on ide of 


“answers” as tape recorder 
sured that 
Ss put down their gue before the event 
occurred 

A total of 140 college students aged b« 
tween 16 and 21 They 
tested in five groups under the following five 
Condition NR _  (nonrein 


5S were not given the bene 


served as Ss were 
conditions: a 


rhe 23 


know ledge ol 


forced 
fit of the 
\fter every 25 trials a 1-min 


their 
rest was allowed 
after which they were asked to turn to a new 
page for the next block of 25 
Condition R rhe 28 Ss were asked to ¢ 
their number of hits at the end of eve 
trials, ind then to 
turn to a 


performance 
trials 


ind new the next 

of 25 trials c) Condition R rhe : 
ked to count the number of hit 

5 trials and add these up at 

5 trials, and asked to tur 

to do the same for 

Condition RK 


no-hit 


were 1 
ilter 
end 
page 
bloc k 


7 ‘Ss Wert 


evcry 
ot every 
to be ready the 
of 25 trials (d 


told that 


The 


only 
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points. In all other respects their instructions 


were similar to Group R e) Condition 

for each 
would gain a point, and for each 
hit they would lose a point. So the total 
total number of no hits 


hits In all 


were similar to 


R The 23 Ss were told that 
no-hit, they 


core would be the 
minus the total number of yes 
other respects their instructior 
Group R 

It was hoped that the last er up, espect ally, 


should 


solution 


tend to idopt the mathematical 


that i lways giving a mo guess 


RESULTS AND DISCUSSION 


Curves showing the gradual decre- 
ment ol yes 
Fig. 1. The procedure for Group NR 
is comparable to the 25% procedure 
of Grant, Hake, and Hornseth (1951) 
and gives the same 25% performance 
fifth block of trials that the 
earlier investigators report. 


responses are shown in 


in the 

Group Res does worse with knowl- 
edge of the results of its performance, 
reaches 


last block 


whereas, almost 


20%, yes 


Group Ks5 
responses in the 
of trials. 

The differences between the Groups 
NR (P < .05) and 
P < .01) were sig- 
lable 1. But 


difference between 


Rs and between 
Groups Rs and Ro; 
nificant, 


the 


as shown in 
significant 
Groups Rs and NR only partially con- 


firms our original conjecture Group 


Mik 
ial blocl 


rABLE 1 


COMPARISONS OF FREQUENCIES oF Ye 
RESPONSES IN SELECTED BLOCKS 
oF TRIALS 


Rs; did not use the 
though the percentage ol yes 


responses was reduced to nearly 20. 


optimal solution 


even 


But the last two groups tare better in 
this the 
yes responses in the 
fourth block of trials, 119, 
of the total number of responses 
Group Ryo, 


respect Group R 


lowest number of yes 


vives 
about 


reached its lowest num- 
still 
the third block of Trials with less than 
10% yes The 
between Groups Rs and R, 


ber ol yes responses earlier, in 


responses. difterence 
Is signih 
cant at the .01 level: this is also true 
of the difference between Groups R 
and R, 

The results so far discussed show 
the last 
attain the 
Since an 3S 
mathematical 


that even 
did not 
solution. 
the 


group as a whole 
mathematical 
who attains 


solution should 


consistently give zero yes responses, 


the number of yes responses of eac hs 
trial blocks 
individually. It was found that none 
ol the Ss of Groups NR and Ros gave 
zero yes response in the last block of 
trials. In the other 


per 25 was examined 


yroups the ire 


quency ol zero responses Was as 


follows: 1 of 38 Ss in (Group Rs; in 


Block 5; 8 of 27 Ss (30°7) of Group 
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3 Ss 


R in Blow k } 
in Groupno-yes 10 


Block 4 of Group R, 
had the lowest means, 


and 11 of 48% 

Block 3. Since 
and Block 3 of 
Group the 
blo« ks 


data ol 


scores in those are 


Other 
the 


Zero ves 
similar 
SS 


report d. 


interest are numbers of who 


gave only one or two yes responses 


in the last block of trials: 2 
NR, 2 4 in Group Rs, 
5 in Group R,,, and 4 in Group,, 
Some Ss of Groups NR, Ros, and 
Rk; verbalized the mathematical solu- 


‘all 


guesses would be correct if one writes 


in Group 


in Group R 


tion in making statements like 


no all the time.’’ Most Ss of Groups 


Ra. and K, did so. ‘These state- 


ments were spontaneously made dur 
ing the experiment or immediately 
afterwards. No doubt, everyone in 


In spite ol 


the group heard these. 


this, it is surprising that none of the 
Ss in Groups NR and Ros, and less 
than half of i 


actually 


Ss in Group Rpyo-yes 
the mathematical 
dissociation between 


the 
ittaine d 
solution Some 


the 
shown by 


and behavioral levels is 


this 


verbal 


DAS 


rences in which the probability was .25 for 


yes and 75 for no Sever condition 


involving increasing knowledge 


were imposed to encourage Ss 


groups to adopt 1 games solution 
the 


trials 


frequently occurring 
Alth« h the 


responses incre ised pro 


dicting 


on all 


more 
ig umber 
ind near-zero 


sively as give more knowledge of 

in the group given the 
told that the the num 
ber of no hits hits 
attained the ¢ i¢ | 1 | | 50 


of the time 


results, even most 


knowledge score Was 


minus the 
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THE DISCRIMINATION OI 


THE COMPONENTS OF C 


NONSPEECH 


\. M. LIBERMAN, KATHERINI 


AND H 


rIVE ONSET-TIME Ok 
AIN SPEECH AND 
TTERNS! 


AA 
RT 


P 


S 


HARRIS 
ANI 


JO ANN Y 


KINNI 


and University 


Griffith, 
Hoffman, & 

syntheti 
found that 


constant 


In earher experiments 
1958; Liberman, Harris, 
Griffith, 1957 


consonants it 


with stop 


Was dis- 


crimination acousti 


difference was more acute across 


b 


and /g 


boundaries between 
il d dl 
the middle of the phoneme 
Indeed, the 
tion was relatively so good icross the 
1d the 
categories as to suggest that Ss could 


id to 


| honeme 
i id d 


than in 


between 


itegories discrimina- 


boundaries a1 SO poor! within 


only respo1 these sounds cate- 


lly 
r no other differences among them. 


ile to test this suggestion 


cori 1.4 is phonemes) and could 


he 1 
It was possil 
quantitatively by determining whether 
the the 
was predictable from the frequency 
had identified 
as belonging 1 one or iwnother phoneme 
In the 
the yx iks and valleys of the discrimi- 


discriminability — of sounds 


with which they been 


class general, locations of 
well accounted 
The level of 
hand, 


somewhat 


nation functions were 


for on this basis dis- 


crimination, on the other 
the whole 
predic ted, but 
{ Chus 
thi 


Was 
on higher 


not by a very 
differential 


only 


mou 


SCHSILIVILY Was Ss < 


ast 
better than absolute identifi- 


Such a 


slightly 


cation result must ippear 

the 
f the 
Center tm 


»7RaS 


191601 
h Labor 


Michiga 


unusual when it is remembered that in 
the typical psychophysical experiment 
the 
stimuli i 
yreater than 
be labeled 


see ( 


number of discriminably different 
to 


found be times 
the 
identified 
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within the same phoneme category 
has, through acquired similarity, sig- 
nificantly reduced the discriminability 
of those sounds. It is also possible, 
of course, that the original discrimina- 
tion lay between the two extremes. 
In that case the would be 
taken to represent the operation of 
both 


ness 


results 
processes: acquired distinctive- 
near phoneme boundaries and 
acquired similarity within the phoneme 
category. 

The experiment to be reported was 
the 
between phoneme labeling and dis- 


designed to investigate relation 
crimination in the case of an acousti 
linguistic different 
the studied earlier, and, 
hopefully, to throw some light on the 


and distinction 


from ones 
issues discussed above. The phonemes 
to be used are the voiced and voiceless 
d, t 

One reason for investigating /d,t 
is that Delattre, 
Cooper have shown that many 


alveolar stops 
Liberman, and 
1958 
Ss can consistently identify as /d/ or 
t/ synthetic patterns that differ by 
only small amounts of the appropriate 
We may, then, expect 
to find with this phonemic distinction, 


acoustic cue 

b,d,g 
Griffith, 
discrimination 


as we have earlier found with 
(Liberman et al., 1957; 
1958), that the 
tion has a sharp peak at the phoneme 


boundary. 


fun 


A second reason for selecting /d,t 
is that the 
phonemes can be made to depend on 


discrimination of these 
variable the 
displacement in 
between the first 
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relative time of 


onset and second 


discrimination of this simple time 
\ “formant” is a 
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positions on the frequency scale, the lowest 
called the 
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cue in nonspeech contexts, thus 
providing a baseline control in terms 
of which one might infer whether the 
the 
results ol 


they 


obtained with 
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whether 


effects speech 
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and, if so, represent 
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Stimulus 0 with 
Stimulus 10 with Stimulus 30, 
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of cutbae The /do/ responses at that point (100% for 


S) can, however, be inferred from the gr iph 


the remaining function crosses the be said to lie between two 
midpoint between Stimulus 30 and stimuli. The upper left-hand 


ind graph 
Stimulus 40. For all Ss the phoneme © of 


| lines shows ti 
boundary between /d/ and /t/ is. discrimination results for this S when 


harp; in every case a change of the stimuli being compared differed 


Fig 


quite s 
10 msec. in the first-formant cutback by one step (10 msec.) on the stimulus 
is sufficient to shift the responses scale. It can be seen that there is a 


from 75%, /d/ to 75% /t/, and there peak in the discrimination function 


are no large inversions in the responses. at the point which represents the 


One purpose of this experiment was comparison of Stimulus 20 and Stimu- 
to determine whether or not dis- lus 30, the two stimuli which straddle 
boundary than in the middle of the case Stimulus 10 and Stimulus 30 
phoneme category lhis question is fall on opposite sides of the phoneme 
inswered by the graphs for individual boundary, as do Stimulus 20 and 
Ss in Fig. 3. These are based on data’ Stimulus 40, and it can be seen that 
that were obtained when the stimuli discrimination is, indeed, better in 
were presented in ABX triads and Ss_ these cases than in others. For the 


crimination is better at the phoneme the phoneme boundary. In the 2-step 


} 


were asked to judge whether X was 3-step situation all stimulus pairs 
identical with A or with B. The except Stimulus 30 and Stimulus 60 
data of Subject BR may be used to cross the phoneme boundary, and 
illustrate the results. The labeling discrimination is at a high level: the 
data of Fig. 2 show that for this S  3-step pair in which the stimuli (30 
the /d/ responses shifted from 97% ind 60) lie on the same side of the 
at Stimulus 20 to 18% at Stimulus 30, boundary is seen to be considerably 
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differences synthetic 
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among the speech 


stimuli 


the 
of BR were obtained to a very large 
extent with all Ss. In 
discrimination was better for a given 
stimulus the two 
stimuli lay on opposite sides of a 
phoneme boundary than the 
stimuli were within the same phoneme 
category. 


The effects observed in case 


general, 


difference when 


when 


This effect is very apparent 
for the 2- and 3-step data, though 
perhaps not quite so obvious for the 
1-step comparison. 

In order to quantify the effect just 
described it is useful to compare the 
Fig. 3 


discrimination functions of 
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with those that would be predicted 
from the extreme assumption that S’s 
perception is completely categorical, 
i.e., that hear 
only as phonemes and can discrimi- 
nate no other differences among them. 
It follows that one ought to be able 
to predict how often S will correctly 
discriminate 


he can these sounds 


any two. stimuli by 
taking account of the frequency with 
which he attached one or another of 
the phoneme labels to each of them. 
The present procedure for deriving 
the discrimination the 
same as that developed earlier (Liber- 
man et al., 1957), but the calculations 
have been changed and simplified.* 


functions is 


make the method of 
that the pre 
sented triad of stimuli is Stimulus 0-Stimulus 
20-Stimulus 0 When stimuli are 
presented with phoneme labeling instructions, 
S is asked to identify each one as /d/ or /t 
Neglecting for the moment how Ss 

labeled 


how 


An example will 


calculation clear. Suppose 


these 


these stimuli and considering 


they that 
there are eight possible sequences of phoneme 
triad For the purpose of 
predicting how S would respond in the ABX 
test of discrimination 


might have done so, we see 
labels for any 


these eight sequences 
One class 
which consists of two sequences (/d/ /t/ /d 
and /t/ /d/ /t/), would lead S to the correct 
response, “A.”” A 
of two sequences (/d t t 


can be divided into three classes 


consisting 
and t d 
d/), would lead S to the incorrect response 


second class, 


“B.”" The remaining four sequences (/t/ /t 
t/, d, d d/, /d d t/, and /t t d 
would leave S no alternative but to gues 
and he would, then, presumably respond ‘A”’ 
half the time and “‘B”’ half the 
ability of being correct = .5 Now suppose 
the triad (Stimulus 0-Stimulus 20—-Stimulus 
0) is presented to S four times for phoneme 


time 


prob 


rhe simpler method can be used when the 
stimuli are presented in the same triads for 
yields the 


same result as the earlier method provided the 


labeling and discrimination It 
various triad contexts have had no effect on 
Ss’ assignment of phoneme labels. For the 
data of 
were calculated 
method and were found to be almost identical 
with those produced by the simpler method 


several Ss, discrimination function 


according to the earlier 
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probability ol 5 by the three 
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to a probability of 1.0 times 
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is the number of 
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in the ABX discrimin of Stimulus 0 and 
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being ‘ 
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whole the fit is 
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no 


ob- 
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For the 
step data there appears to be 
the 
the 
both 
the 
obtained disc rimina- 
the than 
predicted, but the difference is very 
small. 

lo the that the 
discrimination data fit the predicted, 


comp irison 


functions shows on 


systemat displ icement ol 


predicted and obtained curves; 


differences occur 
In 
the 


higher 


equally in 


directions. the 3-step case 
average ol 


tions is on whole 


extent obtained 
it can be said that the peaks in the 
obtained functions do, indeed, lie at 
the phoneme boundaries, a conclusion 
that otherwise could have been tested 
only roughly and by point-for-point 
comparison of the discrimination and 
) Moreover, 
the fit 
supports the conclusion that in per- 


labeling data of Fig 


and more generally, close 


ceiving these speech sounds the lis- 


teners were able to extract no informa- 


AND NONSPEECH PATTERNS 
tion beyond that which was given by 
the phoneme categories. 

One asks about discrimination func- 
tions like those of Fig. 3 whether they 
reflect the effects of learning on pet 
the 

to 


These 


The discriminability of 


stimuli 


ception. 


“control” was measured 
provide evidence on this point. 
stimuli contained essentially the same 
the 


speech patterns, but were otherwise 


stimulus variations syntheti 


as 
sufficiently altered as not to be clearly 
per eptible as speec h. 
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are discrimination 
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difference 

Phe 
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data obtained with the control stimuli. 
For purposes of easy comparison, the 
data the 
speech shown in Fig. 3 
the 
control functions alone, one sees that 


obtained with synthetic 


ind already 
are reproduced. Looking first at 


there are no large or regularly o« 
values 


corresponding to the position ol the 


curring “al at stimulus 


phoneme boundary or at any 
the continuum 


Comparison of the speech and control 


other 
points on stimulus 
functions shows that the peaks of the 
speech discrimination functions for all 
Ss tend in the 
l-step 


to lie above 
For the 


S not oby iousl\ 


general 
control functions 
data this true for all 
but for the 2- 


the 


cases, 


and 3-step fun 
tions 


speech discrimination is 


clearly superior the control dis 


crimination, and by very wide 
margin 

the control to be a 
that the speech 


discrimination data reflect the effects 


Assuming fair 


one, we conclude 


of a large amount of learning Inas 


the speech 


much as the peaks of 
discrimination lie 
the 


a quired distinctiveness 


above the control, 


we interpret learning effect as 

Acquired similarity would presum- 
ably all, the 
phoneme categories, where it would 
be reflec ted 6 a 


occur, if at within 
reduction in. the 


level of speech discrimination below 


that of the control. 
that the 


vel eral, rise 


One sees in Fig. 4 
data do 
very tar 


chance (507) level. 


control not, in 
the 


there IS 


ibove 
hus, 
in this experiment no margin within 
which acquired similarity might have 
become manifest. 


DISCUSSION 


To determine whether the increased 


discrimination at the phoneme boundary 
is an effect of learning on perception, 
ind, if so, whether it represents acquired 
distinctiveness 


acquired similarity, or 
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both, we compared the discriminabilits 


of the speech stimuli with a set of non 
Ideally, these control 
stimuli should have been identical 
the speech stimuli, and yet not perceived 
as speech. In 


speech controls 


with 


practice, such controls 


can only be approximated, since the 


pattern in 


rele Vanil 
imbedded 
somewhat different if, 
stimulus is to be 


which the 
variable is 


acoustic 
physical must 
necessarily be 
in the one case, the 
perceived as a speech sound and in the 
other not rhe control stimuli used in 


this experiment represent only an ap 


proximation to the ideal. They are not 
the only 


are they 


possible approximation 


necessarily the best. 

It can be counted an advantage of 
control here that 
cued 


and Lo in 
i. the 


stimuli used 


physical differences which 


distinction between /do 


the speech stimuli relative 


difference in time of onset of first and 


second formants) were in one sens¢ 
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stimuli Che 
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formant width, the complex nature of 
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features of the 
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formant 
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onset, et 
Many of 
complicated 

affect the 
onset time, and make it quite different 
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rather pattern 


might well discrimination of 


from what it would be with the most 
nearly comparable simple stimuli 

In sé veral other re spects, howeve a the 
stimuli were less than 
should be 
level of the 


different in the 


control 
First, it 
quence y 


pe riect 
that the fre 


formant was 


noted 
middle 


control stimuli from 


what it was in the speech. More signifi 


cant, perhaps, is the fact that in the 


control stimuli the formant whose time 


of onset varied was at a higher frequency 
than the other while in 


two tormants 


stimuli it lay at a. lower 
than the 


may be 


the speec h 
freque ncy 
This 


effects are greater from low frequencies 


other tormant 


important since masking 


to high, and it is possible, therefore, 
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sound differing from each other in essentially GARNER, W. R An informatio 
the same way that the speech stimuli differed of absolute judgments of loudn« 
was produced by inverting the speech Psychol., 1953, 46, 373-380 
patterns on the trequency scale The dis GRIFFITH B. C \ study 
crimination data obtained with these inverted between phon labeling 
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ar College 


When two ninous stimuli ire 
present on neig ring regions of the 
retina each i an eflect on the 
apparent of the other 

simultaneous brightness induction” 

d also o1 the sensitivity to lu 

ince differences of the region 
stimulated by the 1e Each ol 
these effects has been i vestigated 
quite thoroughlh he first extensive 
study of simultaneous brightness in- 
duction was done by Hess and Pretori 

1894 More recent wu vestigations 

with the san phenomenon 
include those of Schouten and 
stein (1939), Fr nd \lpern 1953). 


e sensi 
inother region has been the 


subject of a large number of investig 


" 
tions of which those done by Cobb 
1916), Holladay 1926), and Stiles 
1929 are represent itive 


muct 

sources 
and upon 

relation be 

vell under 

exampl 
decreases in the 
| a test held and 
decrease in lumis difference sensi 
tivity resulting from the presence of an 
inducing field are frequently treated as 
measures of inhibition.’ \ctually 
thes cannot both he measures ot 
inhibition’ becau are a number 


Oo measures 


I} researc! \ pported by i grant 


from the Nation 


oundation 
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ti 


lange in Oo 


on of changes 
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te 
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BRIGHTNESS 


LO 
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veally prese nted test fel 


rst against 


round and 


irea (inducing 
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st held \ 
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he Salli 
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‘sults in a decrease of 
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955), but in 
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ardt 1936 


he 
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test fie ld 
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idicate ‘“‘inhibition 
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ICA LCS 
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the a 
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natter how 
erence sensitt 
ate of change 


0 luminance 


pre 


apy 
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vity 


bri 


| his, 


heart of Fechner’s 


n the subjec 


t; 


no 


called ‘‘Fechner’s L: 


I 
I 


urther assumptions 


ere 


Fechner's 


t« a variet 


review ol man 


Heineman 


SeNnsitivit 


1920 Stein 


ot the experimet! 


field of vision may be found in Le 


1957 The present repor 
| 


ynly with the 


area of the te 


389 


retina, and t 
the light are 
is subject to t 


st 
he 
col 


he 


situation 
field, its | 


spectral ( 


istant, but 


influence 


t 


I! 


is 


cation on 
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ol 


’ 


} 
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1@ test 


an induc Ing 
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i stimu 
ib 
1 retinal 


that 1 omy ly surrounded b in 


inducing fiele present author | 


la 
' 


arent brightness wn that apparent  brightnes 
ed that this ie threshold stimulus varies 
e luminance of the inducing fi 
Heinemann, 1955 
; What follows is a report ol two 
Meanie heat ail — b ; related experiments ck signed to test 
and difference sensiti' iil sh the hypothe sis that has been dis 


sie atin Pity Cussed In Exp. 1 measurements 
umed , addit ! | timuli were made of variations 1n the lumt 


are nance difference threshold in a t 


ibjective black.’ field as a function of the luminance 
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of the test field, for a series of different filament is formed in the 
1 his of ] nt 
fixed luminances of the surrounding — !!s image of the filamen 
| | | ) determined by the open 
maducin eld. } . a serie I 
CS Ja Pp , fe © 1.5 mm. in diameter Thu 
functions were determined showing _ wellian view” of the opening 
the luminance required to maintain lhe other optical paths 


varably labeled elements | 


i constant level of apparent brightness I 
i 


inctions. Differences on 
: ire these 1) Only Path 3 
luminance of the surrounding inducing b) Path 2 conta; 


the test field Ss n the 


held holder for neutral ce 
Path 1 contair P 
not present 1 the other 
travelling Path 2 passes 
beam splitting 
travelling the ott 
In additio 
ved either part of the 
viewing Aeacetied teak 


el doe 


the 


each contair 
ist 
niniature 


enclosed 


om othe 

ment, each of 

to torm a point ol 
: ; ; — For 
cou tn nt ire I front 
of the ribb« 
ed betwee 
' were 
t absorbing filter ae 
Lhe 


Ti 


1 distance correspon 
pupillary distar 
cube Be was ren 
the first surface mirror M 
| “* a id the he | 
’ . , = ° idded The fu 
follow one of tl 
the same as th 
mitted b the be 
through let 
filament 


1 metal stop init mal 


elements in the ot 

splitting cube B, has 
‘ to equalize the optic 
s ‘ nd 3 
| 


lenisity 
, rhe 
wedgt > ounti of this wedge includes 

head 


i holder for neutral « y filters. SH is an , 
ware 


In Exp 


perture liar neutr 


Ww 


electromagnetic shutter lhe three elements 
ST’, W, and SH are ver lose together so 


consisted of thr 
that effectively all three are in the plane of = . = 


‘test field,”’ the 


the filament ima Next the light is reflected 
b the front irface mirror M towards ©’ 
i. ive O’ is a diaphr 


“increment field.’ 


- evenly illuminated 
gm containing an 
ae " 
opening whose characteristics determine the 30’ of visual 
1 this 
ize and shape of the field seen by S The to torn is te 
was an eve 


lens | "4 forms a Image of the hlament 


1 j 
ipproximately in the plane of lens | Next outer 


the light 1 reflected by the beam splitting This 
pa s through the lens Les, and its inner border was \ 
S right eve n image ol the iperture the border of the test 
aphs wm O' is ed in the focal plane test field and induc Ing 


, between By, anc s, and an image of the nly by a very th bl 
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metal plate, is used to form the ant Chis 
plate contained a gircular aperture that was 
covered with a thin glass to which had been 


cemented a thin metal disk 


1 
11us 


small disk, 10’ 


superimpose d 


held was a 
iat could be 
Diaphragm O’ was 
field 
was mounted on one end of a met 
other 


The increment 
of visual angle 
on the test field 
this 


used to 


form increment This diaphragm 
il rod whose 
end was mounted m the voice coil 
of a loudspeaker 
the voice coil E could 
a short the 
in a plane perpt ndicular to the opti il path 
Motion in directions other than that intended 


ited by 


By applying 


1 volt ige to 
move diaphragm O 


distance in horizontal directior 


was which the rod 
device enabled E to 
field i ot two 
either 7’ to the left 
to the right, 
lhe 
field 
Gerbr inds 
the 


bearings in 
This 


crement 


preve 
mounted 
the 
with its center 
of the center of the 
by opening and 


exposure 


was 
present one 
positions 
test field or 7’ 
closing a_ switch 
the 
modified 
that a 
shutter SH 

In addition to 


duratior tor 
controlled by 
tac histoscope timer 


increment 
was 
tivated 
electromagnetic 
the elements described the 
stimulus pattern included a small red fixation 
point placed at the same height as the center 
of the test field, and, from S’s point of view, 
52’ to the left of this center 

\ll the stimuli were presented to S’s right 
What S 
fixation point, slightly 
test 


eye only saw then was a small red 
to the right of which 
field surrounded by the 
field small bright the 
field, could briefly on the 


test field either to the left or to the right of its 


ippeared the 


inducing spot, 


increment ippear 
center 


The 


differed in 


stimulus arrangement used in Exp 
that just 
1, the fixation 
field 
Diaphragm 


field 


was pl iced at 


2 several 
\s in Exp 
field, and the inducing 
S’s right eye only 
used to form the test 


the annulu 


way irom 
described 
the test 


presented to 


point, 


were 


O’ was 
the slide 
O The 
experiment 


now and 
forming 
increment field was not used in this 
the apparatus 


arranged for binocular viewing 


lustead, was 
is described 
earlic r, ind i 
size and shape 
to S's left eye 


to 


“comparison field’’ of the same 
is the test field was pres¢ nted 
only 
the 
also prest nted 


O” is the diaphragm 
field The 


with a fixation 


used form comparison 
left eye wa 
point 

The was required to fuse the two fixation 
that in the fused binocular 


single 


ippeare d the 


view he 
n point to the left of which 
field, and to the 
right of which appeared the test and inducing 


fields 


points oO 
Saw a fixate 


comparison 
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\s mentioned, the comparisor 


held was 
luminous disk of the the 
held It usually presented 
completely dark background \ 
hold 
ippears fairly 
black In 
levels of apparent brightne 
that can be 


Same size as test 


was igainst 
long 
uch 
bright 
to 


s lower than 


luminance is above thre 


field 


gray of 


parison 


dark order work 
produced in this ma 


field 


sever il ot 


comparison surrounded 
the 


used was of 


was 
annulus in 
The 


size as the 


experime 


sions 


annulus the 
one that 
lo produce this 
the 


comparison 


surrounded th 
annulu 

used te 
replaced bi 


dis] 
diaphragm previously 
field was 
contained a 
that 


have 


circular 
further 
formed an 


opening ol 
without modification 

illum 

whose diameter equalled the outer d 

of the annulus \ small disk of Wratter 
neutral density filter, of the rm 
diameter as the test field, was placed betwee 
two pieces of cover glass and pl iced 
that the Wratten-filter disk w 
rhis produced the de 
luminance of the 
pendi ig, Of course, on 


filter il used 


evenly 


gelatin 
over the 
opening sO 
centered 

the 


ired tin ili 
held de 


density of 


comp irison 
the 


the 


materi 
Subject 
Vhe SS were 


Each served 
to be described 


Procedure 


Experiment 1 
in the luminance diff n hold in t 
test field as a function field lu 
nance was measured at each of six differs 
fixed luminances of the surrounding induci 
field. The psychophysical method 
the ‘“up-and-down’’ method 
Massey, 1957 The method as 
differed from that described by 
Massey in that “forced choice’’ w 

SS The 
pair of increment “flashes”’ delivered 1.5 sex 
apart flash was 0.2 
and the flashes appeared either to the 
left or the right of the center of the test field 
After both flash 
had been exposed ) reported on which side of 
each had 


positions correctly 


ised w 

(Dixson & 
he re 
Dixson and 


used 


iS Impose 


on S was always presented with a 


The duration of each 
sec 
random 


in a sequence 


center 
both 


the flash was lowered b 


appe ired as Ss 
the luminance of 
0.1 log unit on 
next pair of exposures. If S 
both of. the 


reported 


the 
reports d one or 


positions incorrectly, the lumi 
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Before each S’s eyes were 


for 15 


idapted 


to darkness min In those sessions 
in which the comparison field was presented 
i completely dark background, S 
matches 
iparison fields in 
field The in 


troduced at a 


ich SESS1IO b m cing four 
between the test d cor 
the absence of the inducing 
ducing field was then i 


near threshold and 


made Chis procedure 


level 
four more matches were 
was repeated for a 
of progressively higher luminances of 
inducing field 

In those sessions in which the 


field 


the comparison field had ar 


comparison 
field 
apparent bright 


was surrounded by an inducing 


ess so dark that non 
field w 


inducing field The mi 


1atch was possible unless 


the test ilso surrounded by an 
inance the 


field had 


a match possible 


umum lun 


urrounding the test 


make 


inducing field 
to have in order to 
is determined in 


\n inducing field of 


preliminary experiments 


luminance slightly higher 
th this minimum was the 


first one pre 
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sented to S and, as before, matches were ther 


made for a series of progressively higher 


of the inducing field 
Each experimental “run’’ consisting of the 


luminance es 


determination of one equal brightness curve 
\ltogether then S 
eight matches under each stimulus 


was repeated once made 


conditio 


RESULTS 


The results of Exp. 1 are shown in 


Fig. 2.2. Log Al/I is plotted against 
| 


; 
in 
og I, 


where | is the luminance of the 


2 Four tables giving the results of Exp. 1 
\meri 
Document 


and 2 have been deposited with the 
Documentation Institute Order 
No. 6609 from ADI Publication 
Project, Photoduplication Service, Library of 
Congress; Washington 25, D. ¢ remitting 
in advance $1.25 for microfilm or $1.25 for 
Make checks payable to: Chief 
Photoduplication Service, Library of Congres 
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test 
the 
Each fixed 
value of the luminance of the inducing 
field. Curves were fitted to the points 
visually 

For all the cor 


test field was 


is the luminance of 
field at threshold. 
curve is for a different 


held and Al 
increment 


ditions in which the 
surrounded by all 
freld the 

Hiihinui 


illuminated inducing value 


of log Al/I 


then rises again 


attains a and 
The position of this 
minimum depends on the luminances 
of the held Kor 
fields of 
| has its minimum value when 
test field is 
from 0.1 to about 0.5 log units below 


inducing the three 


inducing highest luminance 


log Al 


the luminance of the 


the luminance of the inducing field. 
value that 
the 


position ol the 


Relative to the abscissa 
the 
field, 


minimum progressively shifts to the 


luminance of 
the 


indicates 


ducing 


right as the luminance of the inducing 
eld decreases kor the 
nducing field used log Al/I 


ts minimal value 


dimmest 

attains 
when the luminance 
held is almost 
than the 


nducing field 


of the test a log unit 


iivher luminance of the 


Figure 3 shows the results of Exp 


4 The mean log luminance of the 
test field required to match a 
held of 


1s plotted ivainst 


COll- 


parison constant brightness 


the log luminance 
of the inducing field, for each of eight 
different levels 
(Only the 

and the 


t results of Exp. 


apparent brightness 
of the comparison field. 
dat l 


solid curves represen 


points, open circles, 


?. The dashed lines also shown will 


The 


points 


below.) 


the 


be disc ussed 


fitted to 


curves 


were visually 


These curves are “constant brightness 


contours,” i.e., the pomts on these 


curves and 


represent test 


field 


which the 


pairs ol 
luminance 
held 
ipparent brightness 
lor the 


inducing values for 


test has a constant 


six curves placed highest 
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the lumi- 
nance levels of the comparison fields 
the re 


yiven bi 


in the coordinate system 


(corrected for differences i 
sponse ol the two eves ire 
the ordinates correspondii y to log in 
ducing field luminance y For 
the two lowest curves the luminance 
held is 


correspondi lv 


of the 


the 


comparison given bi 
ordinates 
inducing field luminance 

In all essential aspects these results 
obtained in an 
the 


\ hen 


induc nig 


are similar to those 


investigation by 


1955) 


author 
the lu- 
field is 
where Ly is 
field 
match in the absence of an 
field, the inducing field 
either has virtually no effect on the 
test field (Subject 
slightly raise the apparent brightness 
of the test field (Subject EH). \s 
the luminance of the field 


approaches equality with Lo, it begins 


earlier 
(Heinemann, 
the 


below 8 


minance of 
considerably 
the luminance the test requires 
lor a 


inducing 


JB) or it may 


inducing 


brightness 
held 


this de- 


to depress the apparent 
of the test held. 


luminances greatet 


For inducing 
than | 
is measured by 
test field 
quired to maintain a constant level 


pression, the increase 


in the log luminance re 
linear 


held 


of apparent brightness, is a 


function of the log inducing 


luminance. 


The two lowest curves represent 


results obtained with « omparison fhe lds 
that 

by an 
+ 3.93 log mL. 
these curves are known to turn so as 
the 
This was demonstrated in the 


themselves surrounded 
field of lumin 


The bottom ends of 


were 


inducing 


ce 


to become parallel to V-axXIs 
earlier 
investigation cited (Heinemann, 1955 
in which many measurements were 
under the 
the 


of these curves 


made conditions repre 


sented by very bottom portions 


to test the hy 
the introductory 


In order pothesis discussed 


section the results were 
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3.93/4.93 


5 
< 


LOG Ty (ml) 


2 
Fic. 4 Uhe 
minances of two ls of equal 
bright ded 
fields of differen imu The luminance 
g | 
the « 


1 log m f the 


between the log lu- 
ipparent 
ess that ar irrou inducing 
of the inducing field surroundi: 


log mil The parameters irves are 


the lumina nducing 


field surrounding | 


treated in the llowir shit First i 

nulated JND function was constructed 
n the basis of each of the « 
Fig 2 lo do this 


by a l 


irves shown 
|}NDs were added up 
graphical method similar to that de 
scribed by | uce il d I dw irds 1958 Phe 
number of JND steps between an 
fields of different luminance (but 
by the 
from these cun 
» of the 


in Fig 3. to be ( 


two test 
surrounded 
could be obtained 
ulated J]ND functions. Next 
constant brightness curves show: 
illed the 


chose Nn ind A 


same inducing field 


“base curve,’ 


was arbitrarily new curve was 


constructed in the following fashion. To each 


ordinate of the base curve that corresponds 


to one of the six inducing field values for 
IND data 
a quantity 
of IND 
added to 
steps, 
IND 


whi h were ay iil ible Was added 


representing a constant number 


step Specifically, the quantity 


IND 


number of 


each ordinate, measured it 
was equal to the mean 
curve trom 
selected constant bright 
This second curve will be called 


For Subject J B the target 


teps base 


irbitraril 


separating the 


ness curve 


the “target curve 


curve is the one that LXIS 
at y = +0.39, for Subject EH it is the curve 
that intercepts the + 0.52 


The Six 


intercepts the 4 


y-axis at y 
thus obtained then lay 
on a curve whose vertical distance from the 
base curve, measured in IND 
same at all values of the abscissa. | 


new points 


inits, was the 
nder the 
terms of the hypothesis that is under cor 
this ideally, should 
coincide with the 


sideration new curve, 
target curve 
rhis procedure was repeated seven times 
Each different 
brightness functions shown in Fig 


as the 


time a one of the constant 


3 was used 
base but the target curve 
the 


seven 


curve, 


remained sam This procedure the 


vielded estimates of the shape ind 
position of the target curve The means 
the seven values obtained for each point are 
plotted on Fig 3 The six points are 
dashed, lines to 
The functio 
fourth one 


con 
nected by indicate 
the 


discussion is the 


straight, 
general trend under 
from the bottom 
in each graph 


Finally, 


repeated using these six points, each of which 


the basi proced ire described wa 


is the mean of seven estimates, as the bas« 


curve with each of the seven constant bright 


ness curves not used serving 
dashed line 
represent the family of 
generated in this fashior It is 


that the 


previously so 
in turn as the target curve The 
in Fig. 3 curve 
important 
to note ted for each 


IX pol ts predic 


target urve ire connected b traight line 
simply to make it easv to see the gener il 
trends The initial these func 
tions almost certainly are the same 
brightness cur 

dashed line 


follows, of 


segments of 
curved in 
Way is the 


constant es 


From the manner in which these 
functions constructed it 
that they are 
other vertically by a constant number of ND 
ill actual values of the 
much should not 

attributed to precise details concerning the 


shape ind location of the dashed-line func 


were 
course, separated from each 
steps at ibscissa 


loo significance 


tions, for these depend somewhat on how the 
fitted to the 
The inaccuracies 


smooth curves data in Fig 


are drawn of the graphi 
methods used in the further treatment of the 
results represent another source of variability 
first 
the two sets of curve 
nt the same 


lo a reasonable approximation, in an 


case shown in Fig 


appear to represe family 


In order to demonstrate 


sone 


further relationships that are impor 
tant 
the results of the brightness matches 


to the discussion which follows, 


shown in Fig. 3, for Subject JB, are 
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plotted in a somewhat different 
in Fig. 4. In Fig 
ol a test field, rs, 
by an inducing field of 


way 
+ the log luminance 
that is surrounded 
+ 2.93 log mL. 
IS plotted against the log luminance 
, that has the 
Each 
curve then is a locus of points for all 
the test 
matched in apparent brightness. 


of a second test field, 1 
same apparent brightness as T). 
of which two fields are 
The 
parameters on the curves are the log 
luminances of the inducing fields that 
surround J \ 
apparent brightness is represented by 
The 
horizontal line that is shown indicates 
the 


constant level of 


a horizontal line in this plot. 


level of 
test field 
a completely dark back- 
ground can have under the conditions 
of the The 
straight the 
are 
the 


ipproximately lowest 
apparent brightness that a 
seen against 
present experiments. 
line of slope 1.0 shows 
results expected when T, and T, 
surrounded by inducing fields of 


same luminan e 


DISCUSSION 


directly than 


more 
t the inducing field 
has on the rate at which the brightness 


hanges in 


ot a test field changes with « 
By 


functions at 


luminance ce hinition 
of the 
rate ol 
r, with 
I But it can be shown that this slope 
the 
the two test 


its 


the slope 
any 


point gives the 


change of the log luminance of 


respect to the log luminance of 


also represents the ratio of rates 


of change of brightness of 
fields 
To 


the 


luminance). 
that 
field is a 
that the 
at all 


with respect to log 
this it 


brightness of 


assumed 
test 


show must be 


function of its luminance, and 


derivatives of these functions exist 


points. One can then write 


(1) 
g(log | 


where B, is the brightness of T,, I, is 


the luminance of T;, Be is the brightness 


RENCES IN LI 


MINANCI 


of T the 


Differentiation of these 


luminance of 7 


Vie Ids 


and I. is 


lunctions 


dB 


1 
d(log | 


dB 
d(log | 


Dividing (2a) by (la) 


dBe d(log | 
dB, d(log | 


If dB, dB, then d(log 
represents the slope ol ane q ial brightne ss 
curve such as those in Fig. 4, and, con 
versely, if the ratio of the independent dif 
ferentialsd (log 1,) and d (log I.) represents 
the slope of an equal brightness curve 
then the dB 
and dB conditions 


he re 


differentials 
For 


consideration 


depe ndent 
are equal the 
under 
iron 


disappear Equation 


form Equation 3 is the statement 
was to be derived 

The data 
that, to a re 
the 


shown are 


Fig 
appro 


tness I 


presented in 
asonable first 


tion, constant brig! 


verticall 


IND steps 


in luc Ing 


st parated 
number of 


values 


constant 
luminance 
In other words, if sever: 

matched for apparent bright: 
they the 


they remain matched when 


or not have Sarl luminance 
the luminance 
of each is changed by the same amount 
as measured in J ND step units 

Now consider again the « 
in Fig. 4. The 


previous paragrap! 


statement 
means 
two points that lie on the 
the 
points is equal to the horizontal distance 


both 


Same cCury 


vertical distance between 


distances aré 
Stat ting 


between them, if 
measured in JND step units 
from this and following Fechner’ 


s assump 


tions in moving from finite differences 


to differentials, it is easy to demonstrate 


that the following relationship holds 
dl , Al, 
dl Al 


Where I, is 
r,, I 


test field 
field ‘T 


luminance of 
test 


the 


is the luminance of 
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Al, is the luminance increment threshold ‘“‘facilitation’’ refer to decrease and 
in test field T,, Als is the luminance _ increases in this level of activity resulting 
increment threshold in test field Ts, and from the presence of other stimuli, then 
C is a constant clearly, increases and decreases 

In words, for two test fields that are luminance difference threshold do 
matched in brightness the relative values indicate, respectively, “inhibition” 
of the difference thresholds depend’ on “facilitation 
the rate of change of luminance of one the sensitivity in an area improves 
of the test fields with respect he result of the stimulation of neighboring 


luminance of the other. areas this is almost invariably the 


Chere is also a simple relation between consequence of ‘‘inhibition."’ More pre 


the relative rates of growth of brightness cisely, it is a consequence 
in the two test fields and the relative in which the amount inhibition 
size of the difference thresholds. If I exerted by an_ inhibitin mulus 
is used as the independent variable fixed luminance varies 
rather than log | the same argument nance of the “inhibited” 
sed to derive Equation 3 shows that gousl ‘facilitation 
decreased sensitivit 
Phe statements 
on 
investigated her 
reasons tor believing 
follows tha ! o test fields that are apply without 


matched in brightness the ratio of the tions in which the 
difference thresholds is inversely propor test fields is not 
tional to the ratio of the rates of change composition, ot 
of brightness with respect to luminance different siz 
[fo summarize the outcome of both _ regions « 
experiments in ver general terms hand, it 
When a ‘ presented test field principle in 
is surrounded an inducing field that applicability 
inducing field is three effects a tion that was 
The inducing field alters the apparent of a variety 
brightne ss f tl test field D) The is now under 
inducing field j at which 
the apparent bright less 1e test field 
changes as a_ function changes in 
test field luminance ( The inducing l'wo experiments were reporte 
field alters the luminance difference 1 six functions were determin 


. ° . . how the lumtit we dittere 
threshold within the test field At a ‘ ; 

, oe within a a prese 
given level of apparent brightness, the 


, , . varies with the 
size of the luminance difference threshold 


Each functior 
of the lumina 
brightness with re spect to luminance that surrou 


is determined by the rate of change of 


Returning briefly to a matter that was show that, whenever the 
mentioned in the introductory section: rounded by an illuminated a 
the results under discussion are obviousl\ of log AI/I reaches a minimum at 
relevant to the problem of what con log I that depe m the luminar 


. ; ‘ ons inducing field sjeyond thi oint 
stitutes a proper index of “inhibition = P 


or “‘facilitation.”’ If it is assumed, as it ; 

4 E ‘ it tunctio were 
often is, that apparent brightness varies showing, for the same stimulus patter 
directly with the level of activity in th in Exp. 1, how the luminance the t 
stimulated portion of the nervous system, requires in order to maintain a consta 
and if the ! “inhibi of apparent nes 
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luminance of the surrounding annular in brightness of an object pt c. Ame 
ducing field These functions were deter- 1953, 43, 189-206 
mined by the method of binocular matching HEINEMANN, E. G. Simultaneous brightness 
Each of the eight functions is for a different induction as a function of inducing 
level of ipparent brightness test-field luminances J 
Ihe same Ss were used in the two experi- 1955, 50, 89-96 
ments An analysis based on the results of Hess, C., & Pretort, H. Messende | 
both experiments shows that (a) test fields suchungen iiber die Gesetzmassigkeit 
that are matched for apparent brightness, simultanen Helligkeitkontraste ( 
whether or not they have the same luminance, Arch. Ophthal., 1894, 40, 1-24 
remain matched when the luminance of each Hoiiapay, L. L. The fundamentals o 
is raised or lowered by the same amount, as and visibility. J. Opt. Soc. Amer 
measured in IND step units; (b) for test 12, 271 319. 
helds of the same apparent brightness, the Le Granp, Y Light, 
relative values of the difference thresholds New York: Wiley, 1957 
lative rates at which the Luce, R. D., & Epwarps, W 
varent brightness of these test fields of subjective iles fron 
inges with their luminance differences >syche 
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TEMPORAL 
WITH TWO-POINT ELEC 

ETHIE 

ation Ho 


stimu- 


(1955, 


In recent work on vibratory 
lation of the arm, von Békésy 
1957, 1959) found that 
spread ol mechanical 
the 
localization of the stimulating object. 


He 


mechanism 


( onsiderable 
a stimulus on 


skin does not prevent a sharp 


inhibitory 
the 


postulates a_ neural 


which counteracts 


effects of the physic al spread 


Cutaneous inhibitory? effects have in 


fact, demonstrated 
although no 

to tactile 
ittempted In a 


been in physiological 
study 


h 


systematk 
lo« 


early 


experiments, 
of their 
yet been 
evoked potentials 
Marshall, Woolsey, Bard (1941 
that a continuous blast to one skin locus 
could mask the response evoked by transient 
at These effects 
could be obtained from stimulation of widely 


relation ilization is 
of 


cortex, 


study 
at somestheti 
and showed 
ait 
stimulation another locus 
separated areas, such as the thumb and face 
More recently, Mountcastl 1957 
covered that light the 
surrounding the peripher il excitatory 


dis 
skin 
field 
f a cortical cell inhibited that cell's response 


pressure mn 


the 
of 
ol 
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2 The “inhibition” be 
to physiological 


response ( 


word will used to 


refer iny decrement in 


r increase in psychophysical 


threshold resulting from the application of a 
Nothing 


stimulus in another skin area 


about mechanism is implied 
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INTERACTION 
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ytal 


ol 
field ; pressure elsewhere produced no 
etiects 1952, 1953, 1954 
lowe 1958 


to stimulation its peripheral excitatory 
Sui¢ h 
\massian ind 


and 


inhibition in 


shown 
il 
the 


\massian have 
ol corti 
and of 


\m 


various studi 


\reas | 


“association” i 


il 


which 


somatosensory ind 


somatic 


Sial 
discovered 

these 1yVSIOlOg! | 
Be késy’ 


there 


Considerit 
ind 


surprising 


g experi 
work, it 
! 


ais 


ments von 


that 


rece 1s 
d 
the 


is no ul put 
inhibition 
\ 
showed that 


locu 


i neighboring 


of tactile 
psychophysical 
by 
intensity 
the absolute 
or 


demonstration 
literature 
1901 
stimulation of one 
threshold at 
the ip} 
definitely Ssupi iliminal stimulus ipplied 
But 
work, von 
d the 


inhibitor y « 


older 
study Heymans 


leis 


S raised 
lo« 1 
decreased irent intensit' ol i 
it the 
neighboring locus 
their 
questions 


tactile 


in a serie 


| rey 
existen 


describing 
colle igues 
tiect 
1901 


reported that he 


“true” 
the forearm, Brueckner 


Frey, 


st 
lly 
neighboring 
In a 


however one 


von usu 


summation when two 


points were stimulated 


number of cases, 


stimuli either disappeared or 


ened ; the latter effect tended to occur particu 


the intensities at the two are 


grossly 


larly when 


were dissimilar Brueckner 
tioned 
the 


stronger. 


in apparent spatial displace I t ol 
of the two stimuli toward the 
Cook and von Frey (1911 owed 
a loss of two-point discrimination when one 
of the 


less in 


weaker 


consider ibly 
In « where 
still possible 
Ss reported that the weaker stimulus seemed 
to be toward the stronger Phe 
authors that loss ol it 
to spatial displacement 


stimuli was made 
than the other 


discrimi 


two 


tense ises 


two-point ition was 


drawn 


believed two-pol 


of the 
rather 


acuity due 
weaker stimulus toward the stronger, 
than the 
intensity of the inhibited stimulus, 
previous reports of inhibition I 
the ol 
spatial displacements on intensity judgme 
von Frey and Pauli (1913) performed a series 
ol the the 
displacement effect is much less pronounced 
than the which the 


al actual decrease in apparent 


accounted 


ior any 


order to minimize effects apparent 


nts, 


experiments on fingers, where 


on forearm, was locu 


400 





PEMPORAI 


hier experin { 


in 16 out of 17 experiment In the one 


where inhibition occurred, the stimulu 
e€ appare t inte t lect ed was close 
threshold and tl { Sit the other 
' 
tl tlus was higt 
vhich Cook 


favorable tor 


von Békésy’s recent work and the 
physiological literature demonstrating 
cutaneous inhibition encourage a re- 
examination of the problem ot psy 
chophysical inhibitory effects during 
No data on 


the role of a ‘Mm por il separation 


two point SLIn ul ition 


between the stimuli are available for 
the c: where a stimulus of fixed 

the ition imulus 
Is applied it one locus and the thresh 
old is determined a neighboring 
Accordingly, 


time betwee ioning and test 


locus with test stim 


stimuli | nain independent 
variable of the present experiment 
Iwo additional parameters, intensity 


he « lit ing stimulus and 


spatial separati between the con 


ditioning and test stimuli, were also 
explored Electrocutaneous stimula- 
tion with discrete, brief pulses was 
used, since it permit irate and 
convenient control 


characteristics and i | y of the 


tempor il 
stimull bsolute thresholds were 
measured on the third middle or 
fourth digits of the left hand: they 
were compared with thresholds on 
those fingers when conditioning shocks 
were delivered to the second index) 
digit lhe latter thresholds will be 


referred to as conditioned” thresholds 


\leTHop 


ind 1 


rise ft 


OO 1 


Lie 


ind the « 


Every 
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ol 
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Model CM 
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to the 
lor 


the third or fo 


that 


part 


while 


ne 
whit 


pe 
These movement 
threshold mea 


in the experimer 


toge ther 


band 


their 


igé 


hand 


with 


he 


id 


, 
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» Preliminary data were collected 


on 12 Ss The 


conducted on 2 Ss: 


udject 
final experiment was then 
B.N tech- 
nician in the laboratory where the experiment 
was performed, and T.A 
student 
Both Ss 


preliminary training 


female), a 


a graduate 
Yale University 
ipproximately 7 wk ot 


male), 
in psychology at 


received 


thresholds 
an absolute 
a conditioned threshold, 
temporal 


Psychophysical method.—Two 


were determined at each session: 
threshold and then 
for the 


tween 


particular separation be- 


stimuli and intensity of the condi 


tioning stimulus chosen for that session. In 
both cases S was instructed to concentrate 
where the st 
whether he felt 

Exp. A, with S 


li to the test finger were presented 


on the finger stimulus was 


delivered and to report 

anything in that finger In 
B.N., stin 
according to the method of constant stimuli, 
stimulus 


with a total of 15 presentations 


it each of ive values of intensity The 


stimulus presentations were randomized with 
in three blocks. Each of the 


1 


stimulus 


three blocks 
contained 25 presentations live 


at each of the values of used 


Steps of 0.03 


intensity 
ma. proved convenient for most 
measurements; in some Cases, 
Che results of Exp. A showed that 
at each 1 
thresholds; 
10 were used in Exp. B and (¢ 


0.06 ma.-steps 
were used 
10 presentations intensity were 
accord 
It was 
then frequently possible to obtain conditioned 
thresholds for two values of the independent 


variable in one 


adequate to determine 


ingly 


The intertrial time 


session 
was 20 sex On the average, experimental 
sessions lasted 75 min. Control experiments 
showed that no constant error was introduced 
by the procedure of taking the 
threshold first and 

conditioned threshold. 


Experimental designs 


absolute 


following it with the 


The design of the 


experiment appears in Fig. 1, 2, and 3 lime 


stimuli (At 


\ positive value 


between conditioning and test 
is shown on the x axis 
signifies that the 
ceded the 
means that the test stimulus preceded the 


conditioning stimulus pre- 
test stimulus, and a negative value 
Intensity of the con 
ditioning stimulus is the parameter. For 
Exp. A and B, B.N and the test 
stimulus was placed on the third and fourth 
digits, respectively, of her left hand. The 
Sin Exp. C was T.A. The test stimulus was 
placed on the fourth digit of his left hand 
The conditioning stimulus was applied to the 
second digit in all cases. All combinations of 
intensity (17.8, 14.6, 10.9, 7.4, and 3.6 ma 

and At 30, —20, —10, —5, —1, 0, +1, 
+5. +10), +20, +- 30), +40 


conditioning stimulus. 


was S 


and msec 


SCHMID 


\ only 


for the combinations used in | xp 


were used in I xp See | ig 2 and 3 
B and ( 
Since the possibility existed that current 
from the conditioning stimulus spread to the 
locus of application of the test stimulus and 
threshold at the 
latter region, the following control experiment 


so produced a change in 


was performed The second digit, wher« 


the conditioning stimulus was ordinaril 
delivered esthetized wit! 
1:50,000 


were the 


was completely in 
novocain (2% with 
Winthrop Stearns 
measured by the method of 
third digit of B.N. and the 
r.A., with and without acc 
the highest intensity 
main experiments) to the anesthetized second 
digit The 


in a counterbalance 


suprarenia 
Chresholds 
limits 
fourth 
ompanying 17.8 
ma. shocks used in the 
two conditions were presented 
ed order, with S unaw 
of the stimulating conditio 

from B.N. are therefore 

\ Controls for | xp B 
provided by L.A.’s novoc 
ed fro 
ibout 20 mir ilter 


set of data was obta 
beginning 
of the novocain injectior As that sessio 


progressed the ibsolute threshold rose ar 


numbness in her 
The determinations 
rarily discontinued 
obtained later 


completion of the novocain 


S complained of 
therefore 

A second set of data w 
2 hi 


injection The 


were 


approximately after the 


second digit was still completely anesthetized 
at that time 
was made on T.A., 
20 min. after the 


Only one ol easurement 
begin ing approxin tel 
ompletion of the 


injection 


RESULTS 


Graphi plots of relative frequen 
against the stimulus in 
that the data 


be reasonably described by the cumu 


of feeling 


tensity showed could 


lative normal curve. This was con 
firmed by a x? test of 
fit on a random sample of 10° % of the 
data (P .44 for the 
the obtained data 


goodness ol 


sum ol x 
Accordingly, were 
fitted with cumulative normal curves 
by the method of least squares The 
50% 


chosen as the threshold. 


frequency of feeling point was 


and 3 summarize the 
A, B, and ( 


tively I re la (the difference in 


Figures 1, 2, 


results of Exp respe 
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Ot occurred 


ues of At 1-5 


| Xp q the clit ied shift 


paramectet val 


TOW ird loi 


hreshold Was fig tn ne ibso t| * imtensit' 
c threshold with tour out ot fiive ! | decre ised 


ensities of the nditioning stimu itensity conditioning stimulus used 
The amount inhibition was m the effects obtained 
i function of the temporal small and no temporal 


separation between co iditioning and demonstrated Phe 
t kor i ‘n absolute possible facilitate 


‘“atel low intensity ¢ 
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In B the 
(B.N.) was used, but the stimuli were 
placed two 
they had been only 
in Exp. \. lhe 
effect 
these conditions 
of conditioning 
the data 


(Fig. 2), 


Exp. 


fingers apart, whereas 


one finger apart 
the 


under 


magnitude of 
inhibitory was reduced 
For the high value 
(17.8 
a temporal function 
similar to the one found in Exp. A, 
but the at a 
longer Again, 


condi- 


stimulus ma.) 


show 
maximum occurred 
temporal separation. 

the data for the low intensity 


tioning stimulus show a _ tendency 
toward facilitation. 

In Exp. (¢ the spatial 
separation of the electrodes was the 
same as in Exp. B, but T.A. 
Che temporal functions obtained were 


B.N. 


in Exp. B, but the degree of inhibition 


; . 
Fig. 3), 
was S. 


similar to the ones found with 
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same S 
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° 


with the high intensity conditioning 
stimulus was greater. the high 
and intermediate values of condition 
stimulus, there still som«e 
at the values of 
temporal separation used. No facili 


low intensity 


kor 
ing was 
inhibition longest 
tation occurred with the 
conditioning stimulus. 
Novocain experiments 
ol 


on 


lable 1 pre 
the absolute 
the third 
fourth digits with and without accom 
17.8-ma. to the 
anesthetized second digit. The data 
B.N.-I B.N 


in the session which began min 


sents a comparison 


thresholds obtained or 


panying shocks 


for were obtained from 
20 
after the completion of the novocain 
Data the 
which the 


Phe 
small 


obtained 
2 hr. after 
injection are shown as B.N.-II 


all 


injection in 


session began 


differences in cases 


are 
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less than st lly 


itisti 


Significant 
DISCUSSION 


particular cases shown in Fig 
stimulus 
eflect 
stimulus by a 


: Sut 


i¢ conditioning 
a maximu iibitory 
when it preceded the 


small time interval 


‘The 
riminate a ten 
the 

| 


Val 


msec 


ible 


separation 


SS were to dis 
bet weet 
conditioning and test stimuli in the i: 
10 and 10 msec Under the 
of this experiment, could 
reliably liser inate time 
of the At 
isi nally 
tempor il sep 
\t In 


separations 


poral 
ter- 
between 
conditions 
ot 


1 
used 


\ alu 
ible Oo 
ration at the longer 
the fact 
become ipparent 
the 
omplex etlects uch as 
The psycho 
physical discrimination required of S under 
these not the 
small tempor il 
At 


iny 
was oce detect 
iddition to that temporal 
\t 


used in 


values 


the 


with 


which are longer than 


present experiment 


ipparent mover cur 


conditions i same as the one 


required when eparations 


ised; longer values of were therefore not 


employed 


are 


It< ¢ 


these results are 


to experiments in 
the 


skin 


the 


applied to finger 
ot 
ol 
thigh) had shown th: 
etlect bet 


less 


Variety loci 


surtaces fore 

oct urred 
much 

the 


were 


msec 


with nes 


fingers then cl! 
experiments primaril: 


work had show: 


nary 


TABLE 1 


RESULTS OF TH OVOCAIN 


EXPERIMENTS 


Me 


1.97 
1.84 
2.04 


1.99 059 
1.82 022 


» 06 016 
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to apply high intensit 


tion to other skin are 


\ iting smi nerve tru 


functions 


Exp 


details of t 
worked out in 
further che 


were 


findings 
ment on 

, 
resu 


rfir 
conn med 


In subseq 


hingers. 


will be assumed 
ot the 


will 


discussion, therefore, it 
that the 


obtains d 


lun tion 
hold 
point of mawi 
ol has 


determined for any particular case 


yene ral 
the 
loci 


shape 


for fingers also 


Phe 


course, 


for other skin 


mum inhibition, 


, } 


In 
neurons 
\mas $I 


effects Vv 


Relatt i india ge 
ments recent recordings trom 


é per 


somesthetic corte 


1958) have 


] 
singt« 


lowe and hown 
inhibitory ith stimuli similar 
employ 


Shocks 


to those ed in the present experi- 


to digit 


the 


delivered ome 


inhibited resy of 


Onses 


nditions 

have 
trom the 
py rime nt. 
the measured 


one 

probability « it 
i vhich 

nd digit preceded the 

the third digit Che 


showed that typical were 


iral firin a function 


ix «aad 
the conditi ning 

SEC 
test k to 
results cells 
not affected at zero te mporal s¢ paration; 
vecurred be 


and 90 


this inhibition was followed by 


a pronounced inhibition « 


tween approximately 5§ msec 


a period 


ot facilitation \massian (1953) showed 


long-lasting temporal effects in 


xperiments with shocks to nerve 


yhvsi 


results does 


1 
yveen these 
ent 


- ‘ 
not necessa;4ril\ impl however 


relation bet be 


of cortical 


that 


there is no the 


} 


een 


1avioral events and the firing 


possible the 


First, it is 4 


neurot 
difference i 
in thi é 


cortical cy 


species in ari 
ol 


have shown 


Important \ 


able Secondly, studies 


ntials 


that 


soln 


SCHMID 


cle 
applied 
Marshall et al 


te mporal 


ening of the recovery « 


successive stimuli are 


same peripheral locus 


1941 \ 


could be 


distortion 
\mas 


effects, w 


similar 


operating in Towe and 


sian’s work on inhibitory here 


two diffe rent cutaneous loci 
lated. 


to this 


were 
Cheir own data lend some s ! 


notion ince the find that 
temporal functions are affected by dept 
ol Phirdly, t 


tive factors in present 


anesthesia here are selec 


electrical record 
ing techniques which make it impossibk 


to cortical randoml 
Mount« astle, 


It is possible th: 


sample neurons 
& Ber 


Davies man, 1957 
are cortical cel 
' 


which show a imilatr 


da 


time course 


one ftound in the bel ivioral 
that 
the probability 


With this 


to note that To 


their mor holog\ 
of recording fr 
mind, it i 


point in 


e and Amassian 


a few « cells) in 


ases Ire¢ 


tion Oct when conditionir 


applied simult 
r even when 
the condi ioning 
als ) found evidet ( 
these conditior 
evoked tential 


ever, 


and stimul pread | 
tion is puzzling from two 
the 


I ver since notion 


ated by 


a> bee I 


area, innery 


fiber, |} proved 


have been puzzled by 
localization despite t! 
lapping receptive 


| arly 


ized 


neous 


p! 


patte rning 


fibers 


thinkin 
e te 


oblem en 


in the firi 


neurons H vagland, 1932 

More 

stressed the role th 

in tactile localization an 
1952: Mountcastle 


recentl several writ 


at cutaneous 
tion may 
acult\ 
1957) 

Phe 
Béke 


traveling 


von 


spre ad s¢ 
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recognized by the subject Von Békésy 
also suggested that an inhibitory mecha 
nism improves localization. For pur 
poses of the present discussion, it seems 
worthwhile to formulate this second 
problem somewhat more explicitly than 
he has done 
It is apparent that even if a traveling 
ave may be detected physically over a 
distance, the damping could be 
that the stimulus is subliminal 


a considerably shorter distance. 
} 

simplified 
Neurons a 
ipplied at Point X spre 

\part from any complex central or For simplicity, only travel horizontally and 
peripheral inhibitory mechanism, simpl to the right is considered in the diagram 
refractoriness in the skin neurons them Che effects at Points X, Y, and Z are discussed 


f course, only this shorter distance 
hich logically poses a problem in 
nderstanding tactile localization 


elves could improve localization. Con in the text 

sider a hypothetical simplified section 

of skin (Fig. 4), which contains four ally be poorly equipped for coding infor 
neurons, each spreading over a con mation on stimulus location 

iderable distance and overlapping exten There is, however, definite evidence 


sively with other neurons. A transient that refractoriness in peripheral neuror 


} 


timulus is applied at Point X and fires’ is not the only mechanism involved in 


Neurons a and b Provided that the cutaneous “‘inhibition.’’ Much of von 
pread of stimulus is sufficiently rapid, Békésv's data. including his demonstra 
b will still be refractory when tion of bilateral inhibitory effects (1955 

Vv; > reaches Point y obviously calls for a different explana 


ssvchophvysical thresh tion Furthermore, the comparativel) 


a particular skin locus is a function long time course of the 


Tecti neuron density at that Ciect studied in the present « 
t t i i ul | it > y ‘ « 
points to some mechanism in 


the probability of a response from 
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probability-learning experiments) have 
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only first-order 
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studied predictive success when higher 
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order probabilities have .been varied 
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recurrent fixed 
(Bruner, Wallach, & Galanter, 1959; 
Galanter & Smith, 1958; 
& Pettigrew, 1956; Namikas & Brog 
1960 


used a sequence 


Goodnow 


den, although interest in such 
problems is not new, as shown by the 
long standing work on double alterna- 
1931). The 


integral 
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to the level of irrelevant cues 

Several investigators have pointed 
the difficulty of 
quantit itive measure of pattern char- 


\ OSS, 


merely 


out obtaining a 


Thompson, and 


1957) 


acteristics 


Brogden attempt to 


work reported here was supported 


1 The 
r the 


i rese 3338 from 


The i 
ild Hoppe Is 


irch I ( 


National 


S sistance 


M 


IRRELEVANT CUES! 


BARCH 


note the effect of doublets-—and spl t 


doublets—at different positions in 
verbal maze Che results of Galanter 
and Smith 
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to be of importa ce 
ol 
developed which differed with respect 


ted | 


fore, two ty pes 


sequel cs 


to run characteristics, expec 


sitivity to neyative 
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the groups is given in Table 2 
Groups B-4 and B-0 ih 
cantly higher than all the Sequence A 
groups and Group B-2 
than \-4 bg 


sequential technique 


is 
scored sign 
was higher 
05 
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The present research program in hu- 
man learning is attempting to extend 
Hull’s S-R reinforcement theory (Hull, 
1952) from the special case of two- 
choice simple trial-and-error learning 
to the general case of multiple-choice 
compound learning. 
Noble proposed the 
following rational equation as a work- 


trial-and-error 
(1957a) has 
ing model to describe the acquisition 
curves: 

R [1] 
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. initial 
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r rate 
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(Noble & Noble, 1958), ird 
(Noble & Alcock, 1958), specificity of instruc- 
tions (Noble, Alcock, & Farese, 1958), type 
of choice procedure (Noble, Alcock & Noble, 
1958), individual differences (Noble, Noble, & 
Alcock, 1958), work distribution (Noble & 
laylor, 1959), and uniformity of the stimulus 
& Noble, 1960 The 
percentage of variance in R, accounted for by 
Equation 1 has 
24 independent from 
99.9% with the higher values 
98.7% 


delay of rew 


sequence (Farese 


in these studies ranged in 
samples 91.8° 


predon mati 


mean 


he present experiment is a more 
stringent test of the applicability of 
Equation 1 which the limit 
acquisition (a) was varied for different 
groups, all other variables being kept 
constant. 


in of 


Various asymptotic restric- 
tions were introduced by manipulat- 
ing the proportion of reinfor« eable 
responses available to Ss in a standard 
10-link problem. The empirical ques- 
tion, in other words, was to determine 
the influence of different “degrees of 
solubility” on the basic form of human 
trial-and-error acquisition curves. 
Most of the earlier investigations 
found a high degree of predictability 
for Equation 1 when 
a held constant 


was varied and 
Chis experiment was 


designed to assess the predictability 


the formula under 


opposite conditions. 


ol exactly the 
Our expectation 
was that Equation 1 would continue 
to human behavior with 
approximately the same accuracy as 
before, and that r would 
a. Due to the nature 
of the equation, it was also deduced 
that original proficiency of different 
experimental groups would vary di- 
rectly with these asymptotic restric- 
tions, i when N=0, r4 1.00 


forecast 


be s¢ me 


function of 


©. r 
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hence R&, before training has 


’ begun. 


METHOD 
The 


detail elsewhere 


L pf uu Sele Mathometer, 
described it Noble, 1957a; 
Noble & I itic 19-key 


pushbutton device designed for the study of 


ctive 


1955) is an auton 


irese, 


human Ss Pacing 
g 


illy by 


tronically-controlled slide projector, 


complex learning in 


stimuli are presented seri an elec 


to which 
S responds by selecting ke 1 semicircular 


ys on 
Ihe slides consisted of invariant 
10 


orrect 


panel in 


electrical circuit symbols, 


all 


sequence of 
the ( 
the odd-numbered 
te 2, Se ee 


recorded by polygr iph and 


and solution for was to 


press 


ke 
a 


- Be 


constants for stimulus d 


1 
interval 1.75 interserial 


50 sex 


intraserial 
7 ird \ U sex 
the 
\ll data 


labora 


interval rew 


and reward duration 75 sec were same 
most 
collected in air-conditioned 
which isolated E and S ji 


soundproofed chambers The 


pre vious experiments 


tory adjoining 
rooms 


were 


connected by 1 one-way mirror ind 
an intercommunicatior 
Subject The Ss were 


rolled it Mont ina State 
the and 


150 studen 


spring Sumime 
74 m 

from 

None 
Mathometer 
Noble, 


which em 


The sample was composed ot 
76 women, 
59 ovr 


whose age nged 
an 25.18 yr 

the 
instructions 
1958, p 


pre with 


All 
Alcock, & 
ph LSIZ¢ d 


vious ice 


standard 


experie! 
received 
Farese, 255 


accuracy, quick responding, and 


the dependency of the green light on correct 
the ipparatus d 
such that 5s 
e indication of differet 


choices The nature of 


the ir 


received 


tial treatment 


structions were 
no advan 
in the various conditio 
Procedure The 
30 each and 
by a 
ter-balancing pl I rhe treatment 
fered in the fact that 


SS livided into five 
the different 


forw 


were 
ips of ssigned to 
ird revers¢ 


dif 
imber of rein 


1 
Iple 


conditio 


rABLE 1 


Keys ELIMINATED 


AND CLYDE E. NOBLE 
key 
reference or control group 
ticed standard 
keys were av tilabl 
thus making it possible for 
to find the appropriate key for each stimulu 


Lhe 
prac 
10 


rewardabk 


to 10 
Group 10 


forceable varied from 4 


under conditions where 


and all were 
Ss in this group 


Group 10 thus worked on a soluble problem 


where a 1.00. Group 9 was presented 


with the same stimuli and had the same ke 


available as Group 10, but one of the ke 


was nonreintor« eable; 1.e., one key alw i\ 


failed to produce reward or feedback, making 
Ss this to find an 


appropriate key for only 9 of the 10 stimuli 


it possible for in group 
Group 9 therefore worked on insoluble 
90 kor Group 8 the 


that 


in 
problem, where a 
except 


ible; 


n 
1 
Keys 


situation was the same as abov 
nonreintore¢ 
four 


I Ih illy, 


forceable 


keys were 


two 
a 80. Group 6 had 
60 


with si onrel 


forceable 


pr 


giving 
cticed 
10 
he four groups whose a 
1.00 further subdir 
10 
other 
keys 
by 


symptoti 


Va 


were less than were ided 
whi h 
by 
In ill 


randor 


into three equal subgroups n 


ditferentiated from each the 


pattern ol nonreinforceable 
the keys 
selection as shown in 


were 


were eliminated 
lable 1 rhe noncor 
Noble, Alcock, & Nobk 


used throughout, with S being 


cases 


rection procedure 
1958) was 


lowed only choice for each slice 
Os were il icted to the 
the preferred hand only, to return the hand to 


the fixation plate after each re sponse, and no 


str use foretinger 


to press any buttons during the interstimulu 
Each 


mastery, whichever came first 


interval S practiced for 50 trials or 
the latter being 
defined as five successive trials without error 
1 criterion which had been established i: 


previous study Noble, 1957b 


RESULTS AND DISCUSSION 


The 


sented in Fig 


acquisition curves 


1, where the probabili- 


are pre 


ties of correct (reinforceable responses 
(R,) are plotted as a function of trials 
(N) for the five values of the asymp- 
It be 


emphasized that each curve contains 


tote parameter, a. should 
relative frequency measurements of 
only those acts which are both correct 
(R+) and rewardable (G), and that 
the denominator (number of possible 
for each trial score is 10 


As predicted 


responses } 


from theoretical con 





HUMAN 
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LEARNING 
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Compound trial-and-error learning (R,) as 


tierent ymptotes 


Hull, 1952; 


ill five curves are 


Noble, 1957a 


asymmetrical and 


siderations 


sigmoidal. Moreover, they are in 
excellent agreement with Equation 1. 
The best-fitting theoretical equations, 
obtained by minimizing the sums of 
the squares ol the residuals to deter- 
the 


follows 


mine rate parameter, 7, are as 


srOUp 10 1.00(.10 
‘roup 9 x .90(.10 
sroup ~ tp 801.10 
sxroup 6: KR .60(.10 
sroup 4 R, .40(.10 


Che computational procedure for find 
ng r has been fully described elsewhere 
Noble, 1957b). 
f the inflection point 


\ preliminary estimate 
of the curve (N,) 


was made by dropping a perpendicular 
a point on the ordinate equal to 
2.718) to the 


This approximate N; value 


from 


the ratio a/e where e 


abscissa 


was then substituted in the formula, 


log, 2 log, 1) 
N;, 


255 wo 35 40 4 4x50 
TRIAL (N) 


i function « 


is the parameter. The origins 


to obtain an estimate o he exact 


value of r is secured 
5 R - R,)* reaches a 


— } 


lantity 
imum In 
the ordinate at 
which acceleration of the R, curve passed 
368 = 1/e, 


all previous studies, 


;namely, . 
the reciprot al of the base of the natural 


to Zero Was a constant 


\ salient feature 
of the present experiment is the demon 
that this 
ol Equation 1 is merely the spe 


system of logarithms 


stration interesting property 


of a soluble problem where the 


totic value is 1.00. In the gen: 


of problems ranging in degree of 
bility 


probability of mastery 1) from 
zero to unity, the inflection point should 
occur at a/e. Empirical confirmation of 
this predic tion can be seen in Fig. 1 
Coefficients of determination for Equa 
tions 2 through 6 were computed directly 
from the variances of the 
the R, 
(Noble, 
99° in cast As a test of our 
hypothesis that r would be a 
ot a, 


residuals and 


values, as recommended earlier 
1957b). 


every 


Predictability is over 


function 
the rate parameter of best fit for 


Group 10 is compared with each of 


the others in Table 2. Judging by the 
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rABLE 2 


PARAMETER OF 10 COMPARED 
WITH RATE PARAMETERS OF BEsT1 
FIT FOR THE OTHER GROUPS 


RATI Group 


99.06 
99 57 
99 41 
99 3] 
9 15 


relatively greater amounts of Variance 
in R, scores accounted for by 
a 4, 3, 
r values are employed rather 


.916, it is clear that the 


Equations 


and 6 when their least-squares 
than an 
r of rates ol 
change are systematically, although not 
monotonically, affected by manipulation 
of the asyimptotes 

at the follow 
ing trials (N;) for the five fitted acquisi 
tion curves: Group 10: 9.5; Group 9 
10.27; Group 8: 10.27; 9.1; 
Group 4: 7.58. Examination of the 
empirical points in Fig. 1 indicates that 
the R 10 deviated 
markedly theoretical curve 


\ z test of proportions taken at the point 


Zero accelerations occur 


(;roup 6 


values for Group 


from its 


of maximal deviation (Trial 5) indicates 
that a deviation (R, R,) this large 
or larger would occur 38.98% of the 
time by chance. The Trial 5 discrepancy, 
therefore, is not significant. 

As a further test of the differential-rat 
10 X& § 
analysis of variance was performed on the 
R+ scores, arranged in 10 blocks of five 
trials (N) for the experimental 
groups (a). The main effects of A 
(F=92.90, df =9/1305) and a (F=80.36, 
df = 4/145) are both significant. As sta 
tistical evidence of nonparallel trends, the 
significant N Xa interaction (F=1.78, 
df = 36/1305) also supports our expecta 
tion that r would vary as a function of a 


hypothesis, a mixed-factorial 


hve 


It is of some interest to evaluate the 
effects of degree of solubility on the 
difficulty (Noble, 1957b) of 
comparable amounts of “knowledge’’ 
(number of R+’s) task or 
problem. To this end a trials-to-criterion 


acquiring 
about the 


analysis was made of the five groups in 


CHAMBERS 


AND CLYDE E. NOBLI 


which the criterion was defined as that 


trial on which the same four correct 


made for 
Figure 2 
number of 


and-rewarded 
the fifth trial in 
shows the median 
reach 


responses were 
succession. 
trials 
(Rx 
as a function of the percentage of rein 
forceable (100a). The rela 


tionship is an inverse proportionality 


required to this criterion 


responses 
whose best-fitting, least-squares equa 
tion is Ry = 176(100a)+ 35.924. Cal 
culation of the coefficient of determina 
tion indicates that 96% of the variances 
in Rx is attributable to 100a. From 
this we conclude that difficulty is a 
function of 
solubility over the present range. 


negative linear increasing 

Further examination of Fig. 1 indicates 
that the initial proficiency (R, on Trial 1) 
of the groups 
with the asymptotic restrictions. By 


different varies directly 


reference to Equations 2 through 6 
that 


of each group’s curve (R, on 


it is evident the theoretical origin 
Trial 0 
is given by the product of a and 1 
his important characteristic of Equa 
tion 1 may be rationalized by applying 
the multiplication theorem of the prob 
ability follows. When 10 


the probability of 


calculus, as 
keys are available, 
getting an R+ by 
considering reward 
.10(=12). When the 


forceable responses is restricted, however 


chan e 


alone not 


contingencies is 
number of rein 
we are dealing with the combined prob 
ability of independent events, each less 
than unity. For this reason, we 


must 
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PERCENT 


Fic. 2. Difficulty in learning four choices 
(Rw) as a function of degree of solubilits 
(100a) of the 10-link problem The 
line is empirical 
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fitted 
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calculate t 


the join probability that a proficient 
particular key will be selected (R4 


}and required to master 
that this response will be 


followed by all groups, it was fo 
reinforcement (G In 
b( R4 NG . we 
ol Group 4, for example, \ ) 10 
and G 
if) a 


yt the 


inverse linear functio 
abstract terms erse linear fur 


hence R, on Triai 
joint probabilities , 
ctive if 


1960, 10, 115 


’ en 


groups are computed in 
is is the rationale of 
coordinated with the 
ive frequency theory of probability. 


Equation 1 direct] 


ars from these 
tion 1 has again proved 
excellent predictor of 


human acquisition data in complex 
learning situ: I he versatility of 


° OBLI 
ed not only by its 


| t t 
tn uatior ndi 1 ' 
_—— ship rial-and-error lear 

empirical results 1957 54, 246-25? b 
but also Supplementar report 

the ts i hick 1 | I i to 

temati 


LMMARY 


1958. 56 


’ 


Phe 
procedure wi f pra 
ind-error ! inder tw rew 
condition / fh 1958, 46, 295 
Nose, ( 

lor rese¢ 
i hypotheti 


ed probability 


d of receiving 
equatior 
99 of the 


ariabl score 


of locus of reward and t 
hol., 1958, 56, 103 

NOBLI ] 
parameter tion of individ 
not mono i l rial ind-error lear 
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INFORMATION CONTENT IN RECOGNITION AND RECALL 


R. DAVIS, N. S. Sl 


Wherever 


have 


recognition and recall 
been 
that 
are made in recognition than in recall 
(Postman, Jenkins, & Postman, 1948, 
and further cited there 

It seems possible that this difference 


is due to 


compared, it has been 


found more correct responses 


relerences 


there normally being a 


greater number of alternatives te 
choose from in recall than in recogni- 
tion, that there 
fundamental 


psy¢ hological 


and may be no 


difference between the 
work 
recall. If 
this is correct, the same amount of 
information should be 
both 


purpose ol ft 


mechanisms at 
behind recognition and 
transmitted in 


rhe 


experiment 


recognition and recall. 


he present 
was to test this hypothesis. 
Judd and Sutherland (1959 
developed a method of 
the 


have 
measuring 


information non- 


content ofl 


sequential 
which 


messages, 1.€ messages 


consist of a series of symbols 
in which no symbol occurs more than 
once and no information is 
mitted by 


The method allows us to estimate the 


trans- 
the order of the symbols. 
average information transmitted per 
S when the quantities k, g, g, r are 


known where & is the total number 


the ensemble from 


can be 


of symbols in 


which selection made, g is 

NSS 
issistance from the 
ind the American Office 
Research His share of 


‘One of the author wishes to 
ac knowledge financial 
Nuffield Foundatior 
of Naval 


was 


this work 
undertaken as part of a project on 
“stimulus jointly 


ilso grate 


mechanisms” 
financed by those bodies We are 
ful to Davidson of the Dorset House School 
of Occupational Therapy and to 
of the Oxford Eve Hospital for 
operation in the experiment and to the 
they provided 


analysing 


Durran 
their co 


rHERI 


AND,! anp B. I 


the number of symbols sent, g is the 
number received, and r is the number 


correct (i.e., the number which appear 


both in the set sent and the 


received). If recognition and re 


are to be compared in terms of 


information transmitted, it is neces 


sary to select material where the 


number of alternatives from which 


selection is made (k) is finite and 
known; in recognition this number is 
fixed by the alternatives 
but there 
number of 


the Case call. 


number of 
lists 
finite 


given in recognition 


must also be a 
alternatives it 
In previous experiments on recall 


there has usually been no clear limit 
to the possible number of alternatives 
from which selection is made, and 
therefore this condition has not been 
this 


experiment was designed to provide 


satisfied The material used it 
a finite, and manageable number o 
that Ss had 
full knowledge of the complete set 
which 
90 two-digit 
letter 
symbols sent g 
at 15. 


as many 


alternatives in recall in 


trom symbols were drawn 
numbers or 90 


The 


was kept constant 


two 
syllables number of 
Sin e Ss were allowe d to selec It 


svmbols as they chose i 
recognition and recall, g varied from 
S to S. One of 
using an information theory measur 
that it 


meaningtul 


the advant wes ol 


in this situation is makes 


possible al Comparison 


between performances in which the 


number selected (q) varies 


METHOD 


| here were 
iy ot 18 dll 18 


training to be 


Subject omen 
between the 
occupatior therapi ts 


6 were studying orthoptic - 





INFORMATION CONTENT IN 


with 
Sy ll ible 
ind § 
all 


ot 


d « 
18 consor 


90 


itting q, x iding each 


with a vowel thu nts 
were 1 g 


owel 
| 90 


lists 

dor 

Thus there were four 
| 15 syl 
ble ippeared Ith 


ch list 


mplit Vv 


tour lists ol 


90 
the 
15 syl 
sented 


imber 


Iph ibet 
typed Sar 
a a 


ist There 


lit 
ditio 


which the four co 


vel i different order 


s used with eac d each possible order 
On each day each S 
id the same condition for both letters and 
imbers. Thu ill Ss had the same 

two list ; i . nd 15. syllables 


recog 


therefore 


presented to ther Ss were 


nizing 
ot 60, six out of 90, and six 
similarly on 
two lists (but 
ised Day 1 


der different 


1! 
I iM iaterial 
id the ume 
tho 


med u 


l on 


RECOGNITION AND RECALI 


condition from Da 


remaining two da 
The daily proce 
S was given instr 
list to be preset 
the list, andr 
was obtained 
ond list 


shown 
list 
the sex 


the 


set ond stimult 


svilables woul 
nt followed 


Dix 
to 


ipproximately 


would move 
were told that 
the S\ ible 
starting 5 sex 
t stimulu 
In the recog 
that 5 se 


] t 
last 


all 


seen 


that 
they had 
that the 

yllables or 


xr both 


told 


wel 


never 
Hable 
not q 
The \ 
the 


were 
or order 
tion 

all « 
they 
fast as 


ould ree 
| inally 

sponses 
had 
Ys tended 


lable In rec 


wert 
as 
been found 


to tat 


RESULTS 


ible 


compare 


scores are set out 1n | 


not to 


the raw 


Ss 


. It 
directly 


possible 
scores, €.2 with 


181 


a total of 303 in recog- 


syllables made correct re- 
sponses out ol 
nition out of 90, and it is not possible 
whether this is better or worse 


their 149 


ol 207 responses In re¢ ill 


to Say 


than score ol correct out 


It is worth 





SI 


PHI 


noting that intly more 

sponses were given in recognition out 
of 90 than Wilcoxon's 
1949) test for paired replicates was 
applied Ss’ total 


90 


in recall. 


to responses in 
recall and 
Siz 


leve | 


recognition out of nd 


the 
nificant 


found 
better than 
lor syllables and better 


difference was 


il 


level for numbers 


iro 
ithema i 
sriefl 


tion 
ind Sut 
there 


that r make i 


procedur 
sumed 
7 of 
vabilities of 

s of r will be distributed in 
n the infor 


it is a give 
trial 
for al 


sucl 


mation co 


number response over a series of 


the prol S getting r correct 
possible 
nimize 


ill be distributed 


iverage 


W randoml 
given the number S will ge 
right is If 
procedure 

tion tra different vah 
and q ol « 
for each S was used to obtai: 
under each 


the value of k, 


is known it minimizatio 


be 


smitted 


used to determine informa 
for 
The I umber orre 


conditio 


ind 


ot s 


it is then possibl 


score in 


RI 


i 


t 


AND, AND B 


ORMATI 


NI 


ponse 


shows the 


1 addition to raw 


score 


iverage amount ol intorma 


tion transmitted (1) per S per day for 


each condition Examination of these 


scores sugyests that there sno ver\ 
practice effect 
Practice effects 


two lf 


marked from dav to 
examined 
the 
the 


was made 


day 
by 


information 


were 


pertorming tests on 


Cal h ol 


test 


lor 


scores 


eight conditions: one 


to determine whether performance o1 
Day 1 differed from performance over 
Days 2-4, 


whether performance o1 


and the other to determine 
Day 1 dif 
Day 4 
Only one ¢ test yielded a result signin 
cant at better the .05 
difference between 
of letters on Days 1 and 4 
at 


fered from performance on 
level 


recall 


two 


than 
scores lor 
. only 
th ill 


others were significant better 
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1 level 
ill of 
Vs ) +. 
1umbers 


Davs 2 4 


differences between scores 
Day 1 
recognition of 
out of 90 on Day 1 and 
With the exCep- 
recall of le 


the 


letters and 


on 


ind on 


r¢ yssil rl 


| 
t 
{ 
{ 


ters, 
that 


we seem 
concluding 


little 


justified in 
had 


intormation 


practice 
the 
shall 


miormation 


etlects influence on 


scores, and we 


therefore consider below 
scores computed over the whole four 


d ivs 


that proactive effec ts do 


This does not of course mean 
ot partially 
results Thus it is 


etfect ol 


determine the 


possible that the ‘learning 


counterbalanced 


the 


tole irl w is To why 


| 


1 proactive inhibition irom 


similar materials learned o 


days lt 


lor 


previous 
that 
to 
and 
all 
the 
higher 


note d 


llables both 


will 


scores the s\ tend 


fluctuate more from dav to day 


fluctuate consistently 


more 
conditions th in 


Thus o1 


were 


over 
with 
Day : 


do scores 


numbers 


iveraye obtai under 


SCOrCS 
ill conditions witl vilabl han 


Day # Day 


lower thar 0 ty 2 


on 
3 were all 
This 
produced by 


the 


effect 


Mat’ have beer yreater 
difficulty of the 
successive davs 


dithculty of the 


tions mn 


Vari 
svilable lists used on 


than in the number 


lists (One might expect the response 


ivailability of letter bigrams to var, 


more than he response ay ulability 


RECOGNITION AND 


REC 


numbers, and it is 


this 


ol two-digit 
that 
greater variations in 
svilable lists than of 
More will be said about this below 

Table 
ol information 
the 


possible factor produced 


the ditt ult, ol 
ists 


number 


2 shows the average amount 
lor 


the 


transmitted per S 


each of four conditions and 
results of some statistics performed 


on these scores Since 


there was a 
slight tendency tor information scores 
to have a skewed distribution tow irds 
Wilcoxon’s 
paired replic tes method was 


the writ 


the upper end of the scale, 
1949 


used to evaluate Lice I 


CoO dition 


differences be \ } 


IS apparent that there is a te 


for inlormation transmitted 


the number of alter: 


“ase as 


from which = sel I s mace 
Phe 


trend is the score for 
tion 90, 


increased only exception to this 
imber Recogni- 
ind it is poss ble that this is 
to chance | 
that in terms of 


tr insmitted 


ibnorm illy low duc 
It is 


iwtors 
noteworthy 


pertormanecs 


inlormation | 


was not better on recognitiol than 
on recall: for both letters and 
Recall 
Recognition 
Recall 


Recognition 90 


1umbers 
bette t} 


was significanth 


30 


ain 
for umbers 


was significantly better than 
A rank-ordet correlatio1 coethcient 
the 


: =. 


was computed tor correlations 


between individua iformation 


rABLI 


NFO! 


MATION | 


ANSMITTED PE} 
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30 and 60, 
Recognition 60 and 90, and Recogni- 
tion 90 and Recall. Although all 
correlations are positive none are in 
lact but the 


scores under Recognition 


significant, correlation 


between Recall and Recognition 90 


the correla- 


ret ognition 


is at least as high as 


tions between different 


conditions. 


DISCUSSION 


Application of information theory) 
Che calculation of amount of information 


he re 


passed per S by the method used 
depends on a number of assumptions 
these assumptions are discussed in detail 
in Judd and Sutherland (1959). Of the 
assumptions there made there are two 
which were probably not completely 
fulfilled in the present experiment (As 
sumptions 5 and 7). \ssumption 5 
states that the a priori probability of a 
given symbol appearing in the set of 
should be 


If the response availability 


symbols received equal for 
all symbols. 
of all symbols is not equal this assump 
Underwood and 


that the 


will not be 
1960) 
availability of 


tion 
Schulz 


response 


met. 
shown 

letter 
and this undoubted; 


have 
bigrams 
does vary, applies 
to our syllables: it may also apply though 


his 


scores ar¢ 


to a lesser degree to the numbers. 
that 
likely to be 


means our information 
underestimates of informa 
tion transmitted, but the relative under 


likely 


condition to 


estimation is to remain 
from 


sponse availability differs from condition 


constant 
condition unless re 


to condition which there is no reason 


to suppose it does. Thus the estimates 
of relative amount of information trans 
mitted under different 
likely to be 


sumption 7 states that no information 


conditions aré 
reasonably accurate. As 
shall be conveyed by wrong responses, 
i.e., that 
distributed over all 


wrong responses are equally 
symbols in the set 
made. No 
made to analyze in 

data to 
wrong guesses 


from which selection is 
attempt 
detail the 


whether 


has been 


present discover 
correlated 


T he 


were 


in any way with the stimulus lists. 


PHERLAND, 


IND B. R. JUDD 


design of the experiment’ does not 


facilitate this type of analysis since if Ss 


are grouped by both condition and list, 


there are only six Ss in each group 


However, random sampling of indi 


vidual Ss’ response lists did not reveal 


any tendency to score higher than 


chance expectancy on ‘‘near misses.” 


experiments are in 
lend 


ty pe ol 
this 


Further progress 


better to this 
Moreover, even if 


which themselves 


analysis. 


condition is not satisfied, relative 


scores under different conditions will not 


be affected unless there is a difference in 


the tendency to make near misses under 


different conditions, though the abso 


lute amount of information transmitted 


will be underestimated 
The low lations bet) 
vidual Ss’ 


tions are probably 


corre yveen indi 


under 


scores condi 
lac k 
of marked differences in abilit veen 
Ss In 
correlation is 
Since the 


different 


partly due 0 


addition, each used in 


score 


based on one trial onl 


number correct on one trial 


is partly determined by chance factor 


S’s performance on any one trial is no 


necessarily a correct reflection of 


ability. For example suppose th: 
a series of trials with 90, @ 


S would have averaged 9 


sponse 5 


per trial On the ass 


that on trials the 


individual 
correct will be randomly 
with the that 
correct will tend to 9 over 
this 
in about 30 


distributed 
constraint average 
a large series 
S will get 12 correct 
trials In 
would be 


whereas if the 


of trials, once 


vent, the 


this ¢ 
information 


28.8 bits, 


score taken 


true average o 
r over a large series of trials is only 9, 
information 
bits (cf Fig. 1 
1959 These 


the correct estimate ot 


transmitted is only 13.5 


ol Judd & Sutherland 


chance fluctuations in the value 


should of course cancel out over 


number of Ss. 


The result that information § tran 


mitted tends to increase as the numbet 


of alternatives from which selection i 


made increases is in line with other 


theor 
1956) hi 


information 
Miller 


immediate 


findings applying 


to memor'\ thus 


found that in memory. the 
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of transmitted in 


asses ds 


information 
ol 
from which selection is made is 
that 

to 


amount 


cre the size the vocabulary 


increased 
Miller's 


memory 


Che present re sults suggest 
may be 


finding generalized 


ituations other than that of immediate 
Chis 


triking in view of the fact that Ss take 


memory finding is particularly 


checking numbers in 


30 


finish 
90 


longer to 


Recognition than in Recognition 


In 


retroactive 


we some 
the 
itself 


responses made ° 


might 
efiect 


addition expect 
from 


list 


inhibition 


mbols in tl recognition 
final 
ild pre 


90 list th 


to operat 
Ch 
in the cz 
of the 
transmitted 

of 90 than 


Re 


is eflect sumably be greater 
an in the case 
ol 
in recognizing 


of 30 


ot the 


30 list, 1 1 term information 


better 
nut recognizing 
ognition ind ré are 


difficulties making direct 


arisons bet 
inhibition n the re 
itself 


three com 


ween nition and recall 


alread) point out retroactive 
gnition lis 
may in 


perlormance recog 


atiecting later re 
In recall 
th { lew 


faster than in recognition but to make 


‘Ss 


responses 


1 
tend to make 


later slower rate than in 


responses ata 


recognition there is a difference 


mechanism at work 

call, 
may only shov tself in 
individual § 
each of the wo conditions It 
remembered 


this difference 
performance if 
the cort set flor 


be 


have 


must 


that these difticulties 
experiments, although 


been noted 


existed in | 


previous 


not alw 


they have é 
Despite these difticulties, he hy 


poth 


Sis to be tested, n imely, that recognition 


is superior to recall only because it 


usually involves selection from fewer 
ilternatives, is confirmed by the present 
It is par striking that 
of information tr 
all is much 
hese 


closely te the 


findings ticularly 


ansmitted 


superior to Recognition 


two conditions approximate 


most conditions used in 


previous experiments since recognition 


lists which are equal to or nearly equal 


to the total number of alternatives from 


selection is made recall have 


which in 


not previousl; used 


een 


RECOGNITION AND RECALI 


The difficulty of retroactive inhibition 
affecting recognition may go some way 
Recall of 
bers was significantly better than Recog 
nition 90, but it is 
Recall ol syllables 
than Recognition 90 
ver condition always followed the « quiva 
letter this 
that practice on letter recall helped Ss 


towards explaining why num 


why 
better 


not obv ious 


Was not also 


Since each num 


lent condition may indicate 
to adopt a recall method for the number 
recall and thus improved performance 
It will be that the 


original experimental design the syllable 


remembered in 


lists were included in order to give Ss 


practice on each condition before doing 
the task Because 


letter always preceded the 


with numbers each 
condition 
condition, it is worth 
speculating the 
the for letters 

Although ort 


set in the 


not 


same number 


further ference 


between results and 


numbers was made 


to control instructions, s« 


yme 


OSs clearly recalled 


the hecked 


they would sometimes check numbers 


recognition 


numbers < 


during 
first few since 
through the recogni 
to 


scattered randomly 
list before resorting 
list. The fact that 
more responses wert 
of 90 thi: 
there is 
ps) 


two conditions 


tion scanning 


the significantly 


given in recognition 


out in in recall 


suggests 


some difference between 


chological processes involved in 


may be worth saying 
ol 

approach to problems of recognition and 
rhe difficulty 
suring that Assumptions 5 
Judd and Sutherland (1959 
It should be 


difficulty is a practical difficulty rather 


In conclusion it 


something about the generality 


recall main lies in en 


and 7 in 
art met 


emphasized that thi 


than a difficulty of principl Equation 
that 
computing information conveyed in recog 
tasks taking 
account both unequal a priori probabili 
the the 
probabilities 


2 


3 in paper gives a formula for 


nition and _ recall into 


ties in response set and also 


ot given 
the 
whi h 


wrong symbols 


appearing in set being 


conditional 


re sponse 


on symbols appear 
Thus this formula would 
the 


VaTrla 


in the set sent. 
to 
transmitted 


enable us compute accurately 


information despite 
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Ik 


ot sy mbols 


appearing in the response set due to both 


tions in the probabilities 
difference in response availability and the 
ot \s 
the papel to, 
this 
that 
an impossibly 


occurrence ‘‘near misses.”’ ex 


plained in referred the 
why formula 


reason cannot 


to it 
large number 


applied is in order apply 
accurately 
of experiments would need to be 
It that the 
the paper to 
information be 
to take differences 
response availability and ‘“‘near 
but this 


mathematical work and the final formula 


per 


formed. may be formula 


used in present compute 


scores could adapted 


into account in 


misses,” 


would require considerabl 


would be very much 


than that 


more 
I he 


it 


complicated 
used here 
24 that 


performance 


advantage of 
Equation is enables us to 


1s 
variet) 
ol a 


compare 
of different 
rational disadvantage 
that that 
availabilities and the proportion of near 


over! a 


conditions by means 


measure; its Is 


its use requires response 


misses shall not change from condition 


to condition 
It 


every 


is also difficult to apply the formula 
life 
and recognition 
that it 
human 


situations involving 


We 


easier 


in day 
recall normally 


much 


to recog 
re¢ all 


we 


suppose 


nize face than to 
If 
mean 
before 


we 


a one 


by recognizing a_ face merel 


that 


and 


we realize we have seen 


by recalling we mean that 
itely 
given of the 
then rly 
much less information in the former cas¢ 
the latter. If that 


there are possible faces, we 


able to recall accur: the right 


the 


are 


face stimulus person's 


name, we are clea transmitting 


than-in we assume 


ol whi h 
have seen r, that all faces have an equal 
that 


former 


and we 
the 
transmit bits of in 
the latter log. 1/n bits 
since r is much larger than 1 we clearly 
the 
recognition case than in the recall case: 
we would therefore expect 
to be than all. 
we use recognizing to mean identifying 


probability of occurrence, 


are always correct, then in 


case we loge r/n 


formation, ir 
convey much less information in 
recognition 
easier rec Sometimes 
in this use of the word it is not obvious 
that fact do better at 


nizing than at recalling 


we do in recog 


faces them. 


AND, AND B JUDD 


Ik 


Even here however, might expect 
better recall the 


present analysis, since we shall say that 


we 


recognition than on 
someone is correctly identified if any iden 
W hereas 
a face, to perform correctly 
the 


tifying mark can be provided 
in recalling 
lace 
he 


num 


someone recall 


ol 
correctly 


must correct 


out all possible faces, a face will 


identified if any one of a 
ber of correct identifying characteristics 
if the 


possible names 


is provided : e.g correct 
of all 
if the place in which the face was last 
of all 
of the 


specified, if his 


name 
is selec ted, 


out 


seen is correctly selected out 
possible places, if tl 
ot the 


address is specified, et 


e occupation 
owner face is 
Thus in recalling 
faces S is forced to select one alternative 
ol 


faces S < 


out one ensemble, but in identifying 


select one alternative 
ot 


ense¢ mble 


usually 
ol a 


ensembles the 


an 
alternative 
he 
advance 
task, 
the ensembles 
ol 


from each number 
is to 
choose from is not specified in 
an easier 


this is again clearly and 


in addition some of may 


be smaller t the number possible 
faces. 
and recall 


ude, but 


the ideas 


[his analysis of recognition 
life 
is intended only t 


in everyday is extremely cr 


» show how 


behind the present experiment might be 


applied to explaining these phenomena 
i life. | 


impossibility of 


everyday nfortunately, be 
of the 
to the 
ensembles, it 


in 


cause setting 


limits stimulus and 


respo 


is not possible to 
present hypothesis in the ever) 


Phis 


applies equally 


situation. limitation, 


to most psychologt il 


hypotheses, thi 
t] 


ul 


for 


tested 


and it is precisely 


reason that hypotheses have to be 


by using simple standardized material 


in the laboratory, and this is what we 


have attempted to do in the experiment 


de Ss( ribed above 


SUMMARY 


In previou 
ill, 


number 


experime nts on rect 
h is 


ilter 


there been no cleat 
ol 


selecting in 


rec 


itive irom whi 


ull: the 


over recognition normally found may 


ret superiority 


to selection being made from a larger en 
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in recall than in recognition Che present 


experiment was designed to test the hypothe- 


sis that the amount of information conveyed 
in recognition is the as that in recall 
rhe Ss were given one presentation of lists 
of 15 two-digit ind 15 two-letter 
syllables and then asked to recall or recognize 
the list Each S 
four conditions: rec ognition 
of a list of 30, nition out of 60 
tion out of 90, 
90 


Same 
numbers 


ymbols from presented 
served in out 
recog recogni- 
an ensemble of 


were 


ind recall from 
Performance scores transformed 
1 measure of the amount of information 
transmitted per S under 
was found that 

was transmitted in 

ind that the 
mitted in the 


to increase as 


into 


each condition It 
much information 
iS In recognition 


imount mfiormation trans- 
tended 


alternatives 


recognition conditions 


the number of 
from which selection wa 


made increased 


RECOGNITION AND RECALI 
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PERCENTAGE ESTIMATION OF PROPORTION AS A 
FUNCTION OF ELEMENT TYPE, EXPOSURE 
TIME, AND TASK! 


EMIR H. SHUFORD 


of North Car 


Che scale of proportion, based upon the second for 6, the sixth for 30 (1.e., 6 dot 

the responses of Ss to randomly ® the other color) and the seventh for 33 

leaving three categories for the remaining 

composed arrays ol two or more ty pes seven proportions As for the percent 
of elements, is a perceptual task of estimates, Ss could figure that 3/36 


some interest (Stevens & Galanter, is about 8°% and that 33/36 = 1 
-~-_ re 11S ) Ould ) iil (y 
1957). Furthermore, an understand- about 92% ; hus there would be alm 
. . . error in tne most extrenn proportio 
ing of the processes involved in this 
5 t proces | However, Ss might be uncertain as to 


task is necessary to the use of such exact values for the intermediate proportio 
stimuli for the control of subjective since it is more difficult to count these larg 
probability, e.g., see Shuford (1959). numbers Shuford and Hall (1959 
Shuford and Wiesen (1959), int 
li experiments co lucted by Philip 1947 some of the phe one i ol 
ind by Steve in Galanter 1957 the judgment, have show 
1 


Sstimull were ird mtaming randon i condition the optimal de 


ements of 36 colored dots, typically egy regress the estimates 


two different colors. Philip (1947) had Ss ‘nte the mulus distributios 


md with a ll-point scale to cards amount of sion 


ing from 13 to 23 (in steps of 1) dots the degr f uncertai 


The relation between stimulus value and of 
ind = proportio the stimulus and the ce 
d Galanter distribution Therefore 
3 to 33 ste] able to expect an inverse 
cified color, had Ss ~ | the more extreme propor 
le and with a perce! by Ss 
the oportion of dots of a give 
thi | relation between The use ol stimuli composed ol i 


response al oportion was at much larger number of elements 


~ OVI\ ith t curvy t \ ire 7 

> se he linearity mor should reduce the curvilinearity since 

extreme for the 7 point cale 
the number of elements required for 


ippears likel that this inverse OgI\ il 


to the fact that Can per al given proportion IS much larger 
ite the more extreme propor than in the case of 36 elements It 
tions whe so lew dots re o the ( irds kor should be noted that it is impossible 
examp! Ss could count or subitize the 3 or ‘or 
ee sng en r subitize the 3 to eliminate this tendency completely 
6 dots of the less treque color herefore ; 
en tom i sata: aceelh tees mie ae © inte If Ss are shown stimuli composed 
of only one type of element they 
This research w is supported in part by invariably respond with 0% or 100% 
ARDC Project No. 7740 of the Air Fore: 
Personnel and Training Research Center, ; 
Lackland Air Force Base Texas and by a ol elements, the relation must vo 
United States Air Force Research Contract through (0, 0) and (100, 100). In- 
AF-49(638)-729 with the Air Force Office creasing the total number of elements 
of Scientific Research \ir Research and 
Development Command The author ex 


Thus, regardless of the total number 


serves only to decrease the range 
presses his appreci itior for the idvice ol ol extreme proportions lor whi h the 
Fred \ttneave W ird Edwards and fom scale ol proportion IS confounded by 


Jeffrey and for the assistance of Earl Lingle the possibility of Ss counting the 


430 





ESTIMATION OF PROPORTION 


number of elements of the less 
Irequent type. 
Stimuli chosen for the present 
experiments were 20 X 20 matrices 
see Fig. 1) which contained varying 
proportions of elements of two types 
randomly arranged The smallest 
number of elements of a given type 
was 40, a number too large to be 
counted or subitized by Ss even during 
long exposure times Therefore, Ss 
cannot know the actual proportion 
with certainty and must base their 
response either on a sample or on a 
vague impression of the matrix he 
experiments provide some information A random matrix composed of 90% 
concerning the processes by which il bars and 10 horizontal | 
Ss derive percentage estimates ol 


proportions 
\IETHOD 


were 6560 


estim 
Experim 
il and exposure 
grou id of stimulu 
itrix of red = squares or verti 
ind bl le squat on \ rround the percentage 
[Twenty location matrices, two for each These two f 
of the percentages 10, 20, 30, 40, 60 70, 80, 90 conditio 
ind four for 50, were obtained by cing the 
rcentage 10 and 90 
deter 1 I we random gements tor 
each pair, and interchanging the position 
the tw y of eleme s Io ich ran- 
domizatio locatior iatri pro 
ded the randot pattern 1oO ot the 
il bars 


blue juare Each stimul matrix was 


photogr iphed twice 1¢1 y t 10) 
tor the 
uares at < | the before each slide 
slide for either 1 
estimates i 
participated in the inswer sheet 
groups of to 16 They as to the 
writing chairs arranged so exposure 
had a clear view of the screen were co 
the hown an original matrix device 
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After the 40 
received a brief intermiss 
returned and the 
response to each of the same 


trials were completed, Ss 
then 
complementary 
set of 40 slides 


half of 


on and 


gave 


For example, approximately 
in Cond. RB-1 the percentage 
of red squares during the first 40 trials and 
then estimated the percentage of blue squares 
the last 40 trials The other half 
of the Ss in this condition estimated the blue 
squares during the first 40 trials and the red 
squares during the last 40 trials. In Exp. Il 
approximately half of the Ss in each conditio1 


estimated 


during 


estimated the larger proportions during the 
first 40 and the smaller 

during the last 40 trials. This 
reversed for the other Ss. Since 


trials proportions 
order was 


the distribu 


the Ss 
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tion of proportions ts symmetrical for each 


set of matrices, each type of element was 


16 of 
equally 


more frequent (or less 
the 40 trials Soth 
frequent on the other eight trials 

The hour te 


complete depending upon the exposure time 


Irequent) on 


types were 


session required up to an 


RESULTS 


lhe estimates were averaged ovel 
Ss tor 
lor 


each trial and then examined 


any evidence of learning. In 
general, the differences between mean 
estimates and tended 


proportions to 


be slightly smaller for the later trials 
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PROPORTION 


Fic. 2. Mean response vs 
time, 1 or 10 sec 


proportion as 
Data points for 50°; 


on 4N observations where N 


i function of element type 


RB or HV, ind « Xpo 


ire based on 8N observations; the other data point 
= 120 for Group RB-10, A 


= 132 for Group RB-1, AN 152 


for Group HV-10, and N = 132 for Gr up HV-1. 





ESTIMATION OF PROPORTION 


Since there Was no ippres iable = 


practice effect and since any differ- 


ences in responses to matrices con- | SECOND 


taimmin the same proportion ol ele- 


I a 


yr 


ments must be attributed to random 


@ 
° 
rT 


irrangement of elements in the mat- 


rices and to random ordering of the 


ra) 
° 


on on on oe on on ne oe on on oe ne 


slides, the data were ave raged so that 


mean response could be plotted asa O SECONDS 


AVERAGE VARIANCE 


function of proportion tor eac h element 


y 
°o 


type 


igure , shows mean respotse 


° 


40 60 


PROPORTION 


lunction ot proportion tor each 
four conditions of exp | In 
the relation between per- 


centage estimate and proportion ap- 


d HV-10 


HV-1 
pears to be not the inverted S-shaped 
curve found by Stevens and Galanter 


-= ppeatkl 
1957) but, rather, the usual S-shaped oh 
‘ unctions 
ovive rotated slightly about the point reas 


- : relating the variance and meat ta 
50, 50) in a clockwise direction. 5 n% “ 


bin F istributi he bi 
Notice that the proportion ol red nomial d tribution he bimodal 


tendency of the tw urves Is in 
squares and of horizontal bars is % th 
agreement with a previous finding 
Stevens & Galanter, 1957, 

Actually there 


that near the exact ¢ 


overestimated relative to the propor- 
tion of blue squares and vertical 
bars This is greater tor the 


colored squares than for the bars ; ' : 
range, whet the dots ol the 
Che bars were probably better matched “ve te . 0 ; 
coiors ire equ i! ium ae 
for brightness since a horizontal bar ‘ i - 
crimination improves over what it is 
was the same size as a vertical bar. t] 99 rl 
on either side ol tet } 
Notice, also, that the amount ol ‘ ' en 
bimodal tendency would be reduced 
bias appears to be greater for the 
1 . . however, il the variances were plotted 
shorter exposure time and for porpor- 
- , . against mean res ns inste: 
tions close to 50%, sugvesting that be P \I . ; oem 
proportion iso, there t al ll 
the amount of bias may be related ' slg = 7 
creased tendency tor Ss respon 
to the variability of the estimates. ; saat 


: . with a judgment of 50% for the 
lo check this possibility, the vari iter . 
central stimuli. 
ances of the responses were computed 
, : ( a ion f 
ior each trial, averaged lor matrices orrelations betwe 
with identi il proportions, and plotted repeated presentations { > sare 
. > . ibo : F 
iwainst proportior Figure 3 shows ™atrix ranged trom tbou for the 
; ; more extreme proportions to about 

average response variance (combined : 

, 3 or .4 tor the intermediate propor 
for both vertical and horizontal bars , 
— tions Thus, there were character 

| ' : ’ : 
s a tunction ot proportion tor the ‘ 
, , t istic differences between Ss. which 
O)-se sure S 

ind 1 er expo re tine Notice were more pronounced for the more 
that the variances for the  1-se¢ extreme proportions 


exposure time condition are Cor These correlations and varia 
ibove those lor the 10-se« can be used to obtain a measure 


exposure time ind that both curves the reliability of the points 
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An SD ol 913 lor 


points corresponding 


Fig. 3 data 
inter- 


mediate proportions (excluding that 


the 


for 50% which is based on twice the 
number of 
HV-1 


ance ol 


observations for Cond. 


was obtained by using a vari- 
200 for each observation, a 
correlation of .4 between repeated 
observations, and a sample size of 132. 
The SDs for data points correspond- 
ing to more extreme proportions and 
other 


be 


For example, an 


lor experimental conditions 
the same smaller. 
SD ol for the 
data points corresponding to propor- 
60% and to 90% for Cond 


was obtained 


will about or 


507 


tions ol 
HV-1 using 
of 40, correlations of .8, 
size of 132. The 
SDs and the fact that similar results 


variances 
ind a sample 
small sizes of these 


were obtained lor corresponding con- 


that the data 


ditions suggest 
highly reliable. 


rhe 


resp mse 


are 
binomial larac ol the 
studied 


distributions Was 


further by randomly selecting one 
trial for each of the nine proportions 
in one experimental condition, choos- 
ing ” 12 as the sample size for the 


set of binomial distributions which 
100,r T T T 
L o—o RED 

sot ee BLUE 


MEAN RESPONSE 


100 


60 80 


SHUFORD 


would adequately represent the data 
and calculating x? for the goodness of 
fit of each empirical frequency distri- 
bution to the corresponding binomial 
with the 
bad 
proportions 
the 
tions, particularly in the tails of the 
distributions. 

One 
vidual 


distribution 
The fit 
mediate 


same 
the 
Was 


mean. 
was lor 
but 


extreme 


not inter- 


very 


poor tor more propor- 


factor (in addition to indi 


differences in, for example, 


to this 
lack of fit is that Ss rarely responded 


sample size) contributing 


with an estimate than 95 or 


In particular, they 
responded with 100% or 0% 


yreater 
less than 5 neve! 

This 
truncation 1s probably related to the 
total the 


matrix inherent in 


number of elements in 


and seems to be 
the nature of the task 


Another 


times forgot (temporarily 


factor is that Ss some 
which type 
of element they were supposed to be 
Some Ss commented 
that had 
lhis ilso 
Ss’ 


to a proportion ol 90% 


estimating 
the 
happened 


alter experiment this 
to 


clearly in 


them. was 


indicated 


re spons S 
The yreat 


majority of estimates typically were 


100 ;-—+ yt 
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re pol t proportion as 
irger proportions 
points for proportions other than 50% 


RB and N 46 for Group H\ 
proportion of 50% 


upper curves 


are given by 


ire based on 


a function of element 


or smaller vel 


proportio lo 


4N observations 


where A 


Numbers of observations for data points cor 
the numbers in the graphs 
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fell around 10. 
intermediate 


above 75 while a few 


The lack of 


suggests that the extreme errors were 


estimates 


not to random fluctuations in Ss’ 
the but 


reversals in 


due 
perceptions ol matrices, 
rather to the association 
of element type and proportion. 
} shows meal responses 
function ol each 


ot the 


proportion lol 


two conditions in Exp I]. 


The data points lor proportions other 


than 50% ire based on Ss’ estimates 


for the four slides with the stated 


proportion of elements of a given 


type, Ss’ statements as to 


ivhnoring 


the type ol element being estimated 


Chis 
taken 
data points lor 


squares 


information was, necessarily, 
the 
i proportion ol 50%. 
estimated the 


and the 


into account in obt uniny 
red 


blue 


asked to 


example, Ss 
2906 
136 


times 


squares times when 
elements 


the 


estimate the 


ol the 


percentage ol 


more itrequent type in 


eight slides cont ng a proportion 
ot 50% 


half of e 
when Ss 


Che data points in the upper 


ich graph were obtained 


were estimating the larger 


half, 


the smaller 


proportions ; those in the lower 


when Ss were estimating 


proportions 

Notice that the S shaped character 
of the 
In particular, 
tendenc 


curves | is ely disappeared 


there is almost no 
to overestimate a proportion 
of 10% or to underestimate i propor- 
tion of 90% | he displ cement of the 


curves away from a response value 


of 50% is, apparently, a consequence 
the 


two propor- 


of the instruction to estimate 


or smaller) of the 
lhe 
vertical bias is still present, and again, 
is greater for the 
than for the bars. 
reflected in the 


which Ss classified the element 


larger 


red-blue and horizontal- 


tions 
colored squares 
This bias is also 
frequencies with 
types 
when both types were equally frequent 
misclassific 


The number o itions, 


responding 70R when there were 


PROPORTION $35 


actually more blue than red 


in the matrix, 


squares 
ich 
The 
percentage of errors for the 40-60 RB 
19%: iO! the 


wa! 


ibout | had /, 


was counted for ¢ 


proportion other than 50% 


matrices was about 


40-60 HV 


| he error 


matrices, 


percentages [or the other 


relatively constant 


RB and 13% for 


primarily to re 


proportions were 


at about 3% for 


HV 


versal type errors. 


and were du 


DISCUSSION 


istics of 
ample, 
response 

in Exp. I sugg 


base their estimates 
elements in the ma 
found by 
1959) in 


tion was 
White 


random matrices which contained bar 


patterns defined by element probabilities 
Phe obtained | »babilit 

threshold (for detecting a bar patter 
as a tunction ot aver 


ability at threshold 


nent pt 
Was proportional to 
by a factor of 
were, in effect, ising onl 
ntsinan 
Shuford and Wiesen 
set of 16 KX 16 random matr 
posed of 0's and 1's, studied 


times | 


the eleme itrin 


1959 


ort exposure , 


c.) on percentas 
proportion. By assun 
sampling model for S's 
were able to obtain an esti! 
for each 


SIZE exposure timeé 


sizes of some Ss, parti 

had small sample sizes 

x po in the 
did 

1/5 


by reducing ¢ 


size for individual 


it did so ne by a factor ! 


sample 
change, 
or 1 25 proportional to the reductior 
in exposure time but, typically, b 
factor of 1 2 o1 1/3 hese 

though tentative, su 
cessively fixate on 
matrix, each time 


constant number of el 
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The ogival nature of the curves ob measure, element type, « 
tained in Exp. I might be accounted for task, individual S, et However 


x posure 


by assuming that Ss observe samples of might find it useful to think of the 
elements in a matrix and that they of propo nm as 


pro; an intervening variable 
tend to fixate on an area in which there depending only upon proportion. In thi 
is a clus f elements of both types I then, the author prefers to think 
the curvilinearity were due to thi ) I scale j j f i he identit 
, 


biased sampling process then it als 


should be found in the curves for Exp. I] SUMMARY 
Chere is little evidence for this in Fig. 4 
It should be mentioned that when ‘ 


[wo experim Ss were ci 
oO investig 
loda’s Pane is used to obtain subjective exposure ti 
probabilities based on randomly selecting estimation 
an element from one « | mati photog 
most of the individual ween randot 
subjective probabilit: nNronortion or verti 


land , Whe 
clemen 


ire linear, witl O] than 
intercepts greater thi Shutord, 1959 , 
. ited the proport 
These findings suggest that he Ss 
shaped relations observed in | 
due not a perceptual bia 
to a response bias e.g tine 


of extreme estimates close to 0% or 100‘ proportio 
observed in the re nse distributions ¢ 


r 


1 re 


On the other hand, a biased-sampling Whe 


. . mor frequ 
interpretation seems to account ver ; — 
quen ype. the roportio 
well for the red-blue and horizontal- 4 —s 
’ . . ri ol wrizont il bars was 
vertical bias found in both experiments ik ae 
: : but the Ogiy 
\ssume, again, that Ss fixate several ean respon 
times and observe a sample of elements The results 
in a matrix Assume, further, that Ss hypothetical 
hixat ‘ < composed ot response b 
rs of red squares or horizontal bars 


Ss perceived by 5S 
biased ( as o vield too many 
ires and horizontal bars 
1959, 72, 503 


( , 


more, the amoun bias is a 
of the variance e sample proportions 
The size of this variance depends, ol 


nm I } n / 
l se 4) Mw) \ ) ! > T y l 1 
course, up : ane imuli. Canad 10l 7, 1,196-204 


proportion SHUFORD, E. H 
Che validity of any such interpretation probabilities f¢ 
can be determined only by _ further events. [ 
experimentation his sampling theory 1959, No. 20 
suggests that there are discontinuities S4UFORD, I H., & Hal 
in the relation between response vari theory" oe - 
V.C. Psychom. Lab ep., 1959 
SHuFORD, E. H., & WIESEN, 


estimation of proportio 


ability and exposure time. A more direct 

test is to photograph S’s eye movements 

and observe the relation between respons« stimulus distribution and expo 

error and number of fixations U. N.C. Psvchom. Lab. Reb.. 1959. N 

As to the 
I 


evident t 


» scale of proportion, it is Stevens, S. S., & GALANTER, 
at if this is defined as the scales and category cale 
relation between a response measure perceptual continua J 
and proportion, there are many such 1957, 54, 377-411 


( ile depending ( response Received \pr 





CONCEPT 


LANGI \GE 


IDENTIFICATION AS A 
PRETRAINING 


FUNCTION 
AND TASK 


QO] 


COMPLEXITY 


ELIZABETH A. RASMI 


ihcation experi- 


s typici given a number 


stimuli and has to organize them 


itevories on the basis ol some 


| he 


the 


common property or properties 


concept may then bn defined as 


, 
class 


ame or label for the grouping 


' 


of the stimuli Che main purpose of 


this type ol re h is to observe S's 
to find the label 


Most of the 


ition, up to this time, 


elfect ol 


behavior is he tries 


lor the class work in 
concept identifi 
hi investigated the such 
variables as task complexity ( 

Archer, Bourne, & Brown, 1955), 
nature of the concept to be attained 
e.g., Heidbreder, 1946 
experience (e.g., Kendler & D’Amato, 
1955 rhe 


ind previous 


study was de- 
etiect ol 
the labels before 


ne identifi d the com epts 


present 
signed to examin the 
teaching S some ol 
done 
that 


been 


From a review of the work 


on these \ iriables, if ippears 


fairly have 


task 
conflicting results prevail in 
the the 


that only 


consistent results 


obtained on the effect of com 
plexity, 
work done on 


the nature ol 


concept, and limited 


vestigation has been made on 


eflect ol previous experience. 

regard to the last two of these vari- 
ibles, it seems lowic il to hypothesize 
that the amount of previous experi 
that .S has had with the stimulus 
the 
categorized the objec ts 
Heidbreder's 1946 
order of dominance might be explained 
Most Ss 


with 


ence 


objects would influence manner 


in which he 


For example, 


by this hypothesis have 


had more experience concrete 


SSI 


N AND | JAMES ARCHEI 


more 
att iched i label 


objects as 


objec ts and are 
ilready 
of such 
ibstract forms 


potenti il relationshi 


concepts ol 
Another 


tween prior experience and la 
the 
hypothe sis advanced by 


Whort Whorf, 
that the 


ippears in linguistic 
Sapil 
1956 \ hi h st ites 


structure ol culture's 
language the manner 
the individual 


reality and behaves wit! 


influences 


which derstands 


respect to it 


Che validity of this hypothesis has 


thus far not been sufficiently tested 


This hypothesis would predict that 


the 
would De 
has lab ls 


concepts readily formed 


| most 
those for which our culture 
ind Os h ive 


In} USINEY these labels 


id « xperience 


Che major purpose ol the present 


experiment was to attempt to col 


the past experience, thro wh las 


training, ol S to some aspect ol the 


stimulus objects, and to see what 


effect this had on subseq ent concept 


identification performance which 
the labeled dimen 
sion and the complexity ot the 


Phe nape ol 


the relevance ol 
task 
were varied nonsens¢ 
forms which varied in several dime 
sions was used as the dimension to be 
labeled as this appears to be the onl) 
available stimul 


property ol visu 


for which S does not alre have 


hame. 


» 
PROCEDURI 
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nonsense shapes Ww 
and then appeared 
beneath it kach 
ind S wa 
correct’ respo 

h the nor 
prese ited 


LATUK TAROP \ random 


. patter 
LG l Lhe t bape which 
previews d 
umes of Latuk and l b were lear 


before the 


who received experimen 
service The only restriction 
could not have served in 


previously | 


oOo nor 
Method 
Che sh 

with the 


In this 
“ple 


Irs, and 
rea Vhe 
dimension 
issigning 
Zero 1 dic 
nd 100 cde 


51ze, large 543 


color, yellow 


method 


SIO! sh t ) hape irrel 


possible combinatio 


10-sided 
cessary 
patter! 
presented with a _ paired-ass t nit y pre 
task in which he had to associate one of correct respo 
paralogs from Noble's list (1952) with on I correct was immediately 
the other of the two nonsense sha Th ibove the switch which would hav 


he ther 


two figure ind their assigned mes Ir correct 7 the informati 
Four of the t iu I turned 
in this task { ny was pre 
olor, size, and number were we 
learning situation Each ilways 


m ilus pattern e.g two lar blue 10-sided was relev 
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tl 


with 


Ts 


the 


o7} 


CONCEP! 


luded in 


dime 


grout 


istical analyses used in 


IDENTIFICATION $39 


were 


dimensions 


dime Hisl 


t di 


net 


ce pendi y 


the rel 


AND DISCUSSION 


lhe 


Va 


t 


were 


sti 


i- 


this study 


issume that the groups of Ss for each 


condition 


wert 


mith lly 


equ il 


If} 


problem-solving ability. Since Ss 
were assigned randomly to the experi- 
mentally manipulated conditions, it 
is believed that this assumption is 
tenable. 

Response measur In addition to 
time-to-criterion and errors, a ratio 
of errors per minute (a measure of 
inefficiency) was determined for each 
S. These measures, of course, art 
significantly correlated. The product 
moment correlation between time 
and errors was .92:; between errors 
per minute and time was .63; and 
between errors and errors per minute 
the correlation was .82 An analvsis 
of variance was used to determine the 
significance of each of the five inde 
pendent variables and their intera 
tions. The means for each of the 
levels of the variables are presented 
in Table 1 


differ significantly (P <.01) are show: 


Pairs of means which 


in italics There were 1 and 96 d 
for each of the F ratios 


Rather than examiu differences 


\BLE 1 


IN 


IRRECT RESPONSES, AND I 


MAjOR VARIABLES 
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among independent variables within 


a response measure, it seems more 
profitable to examine the independent 
variables across the response meas- 


ures. In this way, inconsistencies can 
be considered 

Type of 
the effect of 
of the main 
Clearly, it is a 
but 
Except for the time-to-criterion meas- 
(and this 
the 


pretraining led to 


Analysis of 
variable 


pre training. 


this was one 
this study. 
variable 


in the predicted direction 


reasons tor 
significant 
not 


ure 
the 


aesthetic 


even response shows 
direction 
better 


performance than the language 


effect in same 
pre- 
that 
the language pretraining significantly 


training. It is hard to believe 
interfered with the subsequent con- 
identification. It 
that the 


aesthetic) condition 


cept 
likely 


seems more 


intended ‘‘control”’ 
actually aided 


subsequent performance by encour- 
aging S to attend to and discriminate 
among the several dimensions of the 


stimulus figures. On the other hand, 


the language pretraining groups were 
i the 


reinforced for ignoring other 


dimensions and for only responding 
to the dimension of shape. If this 
post hoc explanation is correct, the 


use of an “aesthetic judgment” pre- 
view might be usefully employed to 
reduce response variability in future 
identification The 


familiarize 


concept studies. 
could 
the 


variation 


preview 
Ss with 
stimulus 


serve to 
various dimensions of 
without calling 
attention to any one in particular. 

In addition to the main effect being 
significant, it was predicted that the 
interaction between type of pretrain- 
ing and type of problem (shape 
relevant o1 shape irrelevant) should be 
significant. The prediction was sup- 
ported only in the errors/minute anal- 
ysis (F = 4.676, df = 1/96, P < .05). 
If Ss learned a name for the nonsense 


figures in the pretraining stage, they 


N AND E. 


JAMES ARCHER 


solved the problem somewhat more 
efficiently if form was relevant in the 
concept identification stage, and less 
efficiently if form was irrelevant. 
The opposite was true if they had not 
learned a verbal label, i.e., had had 
aesthetic pretraining. 

Degree of pretraining.—This variable 
was without effect. 

Irrelevant 


able was included primarily as a check 


information.—This_ vari- 
on the sensitivity of the experiment 
and the expected outcomes obtained ; 
poorer performance was associated 
with the yreater degree of irrelevant 
information. 

The study of this main 
the 


of this variable with type of pretrain 


Problems. 
effect and espec ially interaction 
ing was basic to the rationale of thi 
study. However, only in terms of the 


time-to-criterion measure was _ there 


evidence of a significant effect of this 
variable. When shape was irrelevant 
the problems were solved more rapidly. 
Apparently the identification of con 
cepts involving nonsense shapes art 
difhcult than 


involving such information 


more concepts not 
hough 
Ss made more errors when shape was 
relevant, this effect was not significant 

Sex.—The the S§ 


related to task performance 


sex ol Was un- 


identification ex] 
that S can 


criminate between levels and dimension 


In concept 


it is usually assumed 
of the stimulus objects which are pri 
sented to him; otherwise S would never 
be able to solve the task. Experiment 
by Whorf (1940) and Brown and Lenn 
(1958) that the 


process of categorization and discrimina 


berg have postulated 
tion is largely a function of the language 
that 


provides us 


our culture uses—our language 


with the categories 
also 
us labels to distinguish among object 
Although the study 


provide support for thi 


into 


which we place objects and give 


present does not 


experimental 
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INFERENTIAL 
INFLUENCE OF 


rRACY S. KENDLER 


In previous research it has been 
established that, given a rather simple 
children between 3 


problem, some 


and 5 yr. ol age are capable ol com- 


bining previously acquired discrete 


experiences (habit segments) to reach 
a solution (Kendler & Kendler, 1956). 
Such like 


subject to the influence of motivation 


solutions are, learning, 
and reinforcement (Kendler, Kendler, 
Pliskoff, & D’Amato, 1958 The 
present research was designed to 
the that the 
in which the children received the dis 


reveal influence ordet 
crete experiences had upon inferential 
behav ior. 


Chis 


both prac tical and theoretical reasons 


variable was studied for 
Practically, because it would be useful 
for future research to know which ol 
the various possible orders of presen 
tation to employ. { heoretu ally, be 
formulations could be 
the 


attention 


cause certain 


extended to apply to 


Hull’s 


drawn 


present 
problem. 1935, 


1952) was to inference-type 


behavior by Maier’s report that rats 


This res irch Was Spo Or ya @Qg 
from the National Science Foundation The 
data were collected by Doris Wells and Naomi 
Portnoy The cooperation oO the following 
schools is gratefully icknowledgec Astoria 
Child Care Center, Bayside Country Das 
Bethlehem Day Nursery, Carous« 
All Nations Nursery School, 

Church Nursery School, 
Nursery and Kindergarten, 
Jewish Center Nursery School, 
Cooperative Nursery School, 
Lillian Wald Nursery, Our 
Loreto Day Nursery, Park Nursery 
Nursery S« hool, 
Virginia Day 


rant 


™~ hool, 
School, Church of 
First 

Forest 


Forest 


Presbyterian 
Park 
Hills 
City 
Greenwich House, 
| idy ol 
School, Roslyn 
Nursery School, and 


Work and Play Sx hool 


Garden 


stuyvesant 


Nursery, 


BEHAVIOR 
ORDER OF 


IN CHILDREN: Il. THE 
PRESENTATION ! 
HOWARD H. KENDLER 


New York University 


1929). He 


was so impressed with the necessity 


were capable of inferring 


for a behavior theory to encompass 
such results that he said, ‘Something 
of the theoretical this 
problem is brought home to us when 
the blind 


urgency ol 


we consider chaos. which 


would result if, in problem situations, 
should 
drawn by 
the 
supply possessed by the organism. . . . 


habit 


pairs as if 


premises oO! segments 
appear by 
chance from a from 


huge urn 


Chance IS evidently an element inh 
intelligent behavior but, clearly, the 
dice of chance must be loaded in some 
way 


or problems would never get 


solved. In short, any adequate theory 
of higher adaptive behavior must show 
the 


characteristics of 


loaded, i.e how 


the 


how dice are 


the problem 
the 
particular combination of acts which 


will 


situation are able to evoke 


extricate the 


Hull, 


alone serve to 


organism from its difficulty” 
1935, p. 221 


Hull’s 


inferential behavior within the frame 


attempt to account lor 
work of his learning theory was based 
upon an experimental paradigm which 
has been adapted in the following 
both the 
previously cited research on inferen 
The Ss are 


behav 1OT 


manner to present and 
tial behavior in children 


trained on three separate 


segments, each of which presents a 
distinctive stimulus, requires a dil- 
ferent response, and yields a different 
these segments, 
designated as A-B and X-Y, lead to 
The third segment, B-G, 
leads to the major goal. After being 


these 


reward. Two of 


subgoals. 
each of 


trained on segments 





INFERENTIAL 


individually, 
test 
X-Y 


ind he is 


S is presented with a 
trial in which only the A-B and 
segments are available to -him 
nstructed to get the major 
goal he solution to this problem 
link the behavior 
responding to A to 
B to get G 


serves as l col 


is to segments by 
icquire B, and 


The X-Y seg- 


against 


then us¢ 
ment 
which to assess the inferential behavior. 
outline the 
Hull 
acquisition of each segment ot 
the 


stre nethe ned, 


In broad explanation 


proposed by is that during the 
be- 
overt S-R 
but S 


nticipatory 


havior, not only 


connection 1S 


Iso acquires il goal 


response } appropriate to the goal 


Chis 7 


stimuli that mark the beginning of the 


object works backward until 


segment become capable of evoking 
For example, in this experiment 


Phe 


indy ; 


LOT goal (; Is candy 


icquires r,s appropriate to « 
sucking movements, ete In 


time B 


either 


due 
which in this experiment is 
i cube or a marble, comes to 
evoke 
\-B 
forward 


with A 


assoc! ited 


Whe n the subvo il seyment 
s acquired, continues to move 


until it becomes associated 


Phe 


with the 


stimulus properties 
distinctive r 


lor the thus 


\-B 
LSSOn iated 


since 


goal become 


vith the 


Mayor 
counected seyment: 
with 
S-R 
the 
ind since these response 
the S§ should, 
choice of A or 


choose the 


the do not become 


the X-S 


connections ire 


seyment more 


issociated with 
respons to \, 
tendencies summate 

when presented with a 


X, and 


motivated tor G, 


the 
criticism would 
t problem because 
distinct and spati illy 
that 


would be 


be mentioned 
Deutsch 
the associations 
external stimuli and 


ponses 
ponse 


BEHAVIOR 


IN CHILDREN 


Once 
produces B, which in turn leads to 


former. A is responded to, it 
the response necessary to produce G, 
by virtue of the previous training. 
Thus the habit 


sumed to become linked to produce 


segments ire pre 


inferential behavior. 


It is characteristic of Hull’s « xpl i- 


nations to generate many deductions, 


several of which he 


made explicit 
that he did 
not spell out, namely, that inference 


should occur 


Here is one, however. 


more readily when the 
order of training consists of presenting 
B-G 


This order 


the major goal segment 
the A-B segment. maxti- 
mizes the conditions for the associa- 
between A 
major goal. 


before 


tion and the r, of the 


This is also one of those occasions 


when Skinner's formulation (1938 


engenders a predic tion. 
of habit 


lhe assembly 
segments can be viewed as 
an exercise in chaining. In setting 
behavior it is usually 
most efficient to with the last 


link, in B-G. In that 
way the discriminative stimulus (B 


up a chain of 
start 
this case 


through its association with the 


goal 
stimulus (G), acquires secondary rein- 
forcing powers. This secondary rein- 
forcer can then serve to strengthen 
the A-B link. Since Y 
such additional secondary reinforcing 
capacity, the X-Y link should not 
be able to compete successtully with 
the A-B link This 
engender the same prediction as was 


Hull 


presentation, 


a quiré Ss no 


inalysis should 
derived from 
the namely, 
that the optimum order would be 
that in which B-G precedes A-B 

An 


research 


with reference to 


order ol 


incidental result of previous 
Kendler & 1956 
had failed to confirm this predic tion, 
but the test 


controlled to be 


Kendk r, 


was not. sufficiently 


conclusive. ne 


present experiment, which is con 


cerned specifically with order, pro 
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KI 


NDLER 


vides a more adequate test both of the 


theoret ical 


formulations 


ol 


and 


role plaved by the order of presenta- 


tion on inferential behavior 


VMIETHOD 


childret 
failure t cqul the 


The data 


sepa 
reportec 


ldre 


ontin 
th 


a cncendl 
i pea 
tion in 

flexibility 


experiment 


reintorcen 


lled It 


combinatior 

habit 

center panel vhich wa 
B-G segme 

] 


circular 


| 
provided for the 


served as thi 


lropped the 


d commerciall 
M, was propelled to 


goal 
dropped 


lelivered 


high by 
ch could be 


t 


in children. 


i the pres¢ 
itu 


1 
it iS a re It 


ippar 


it the loss will 
irtilact 
control 
ch provided 
utilized a 
the 
elec 


three 


which 


sist 

6.25 in. wide 
exposed to Os 
other 


Phe 


yellow 


with the 
nent 


ted 


opening 1 
Id drop the 


is marble 


( Xp rimen 


po ided to 


left panel 


AND 


the 


HOWARD H. KENDLER 


painted red and th 
blue 
two manipulanda 
shaped differently 
characteristic 


e right panel was painted 
Each of these panels was equipped with 
Each manipulandum was 
ind required i different 
movement: “turn’’ and‘‘toggle’ 
on the left and “push in” and “push dow: 


on the right The manipulanda on the left 
ed on a horiz 
the right the 


the rig 


panel were ar 


that one was to other The 
manipulanda or 
ranged on a vertical ax 


the other Whe 
propriately to the correc 


above 
either side pa el, he 
led to the delive 
When S respo 
was delivered 
Each of 


irom 


ry f th 


ded in 


the 
the view 
lront o 
ipparat 
was unpainted 


irsery 


door in 


envire 


The 

the 

ittended. | 
which EF 


yan If 
will have 
procedure 
three habit 
ar! ged 
segment 


differed only 


this handk 
trated as 
opport 

S had 
“Movi 
something 
ind see if 
each time 

the vame 
While pe 


door \ 


thro 


will get 
turn.”’ 
replaci g the 


noncorrect 


cedure was used iwhout 1. ilter 
response the door w is replaced while / 
or pretended to make the 


Phe 


constant, 


necessal 
trials 
tended to be 


time between 


but it 


ments 
held 


short duratio omewhere 


S made a 
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You got \fter S had been trai 

The E three segments, the test 
) paper cups provided — sented in the 
10ld each of the roals. “You won't be 


to keep it bec 


ted to one of same manner to 
panels were covered ind E said 
use I need it to play the like 
with other childrer But you try to 


on every turn anyhow S continue tainers, “but | 


some more cand f 

these u ’ referring ! subgoa 
will whole 
\ll doors were removed 
onses Was reached things, y 

) ie B-G experience candy You 

is follows: After the s m the central next 30 sec. S was free 
is removed E said, while pointing to he chose 


ga 


panel until a criterion ¢ xu do the 
rrect re yu SOTTHE 


I 
+} 
for 


including no re 
ipparatus, “ were recorded 
you like : In order to 


Now factors 


p one of manner In 


were ¢ 


omes 
The 
d get the game 
t ipplied to 
ne correct two mani 
which he correct for h 
e preferred Ss the marbk 
respor remainder the 


f 
oO 


LTS AND DISCUSSION 


The present iratus, which is 
more ¢ omple x thar > one prev iousl\ 
used, requires a somewhat new classi 


heation of S’s behavior during the 


LABLI 


¥ INITIAL AND 
F PRESENTA 
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trial. The test behavior is 
analyzed into two separate compo- 
to the 
(b) S’s reactions 


test 
nents: (a) S’s initial reaction 
test 
after his initial choice. 


situation, and 
The scoring 
categories of each component will be 
including the 
Ss responding in that manner. 


described, number of 


Ss’ initial reactions.—Three mutu- 
ally exclusive categories of S’s initial 
were used 
could 


reactions to the test 
Table 1). ?) 
correctly by moving the appropriate 
manipulandum on the A panel, thus 
Sixty-nine of the 192 
2) S could 
three 


(see 


respond 


securing B. 
Ss responded this way. 
respond incorrectly in one of 
Ways: (dad) by choosing the incorrect 
manipulandum on the A panel; (6 
the correct 

landum on the X panel (i.e., 
that produced the Y 
(c) by choosing the incorrect manipu 
landum of the X panel. Seventy Ss 
responded incorrectly with 6, 59, and 
5 Ss falling respectively in the a, b, 
and ¢ 


by choosing manipu- 
the one 


subgoal ’ and 


could 
react to the test situation by making 
Fifty- 
three Ss responded in this manner. 
Ss’ subsequent reactions.—The tend- 
to integrate the A-B and B-G 
segments to attain G was independent 
The S could 


choice 


subcategories. 3) 3S 


no response to the apparatus. 


ency 


of the initial reaction. 
the and 
yet not complete the B-G segment. 
On the other hand, S could make an 
initially 


make initial correct 


and then 
go on, in the time allotted, to respond 
A and finally complete 
B-G 


incorrect choice 
correctly to 
the A-B, 
candy. 
Again three 
categories were employed (see Table 
1). 6) 3 the initial 
correct choice and, with no interven- 


sequence to get his 


mutually exclusive 


could make 
ing responses to the apparatus, use 
B to get G. Twenty-five children 
displayed such smoothly coordinated 
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KENDLER 


inferential behavior. b) S could 
complete the A-B, B-G sequence but 
make 
the 


sponded in such a way. 


unnecessary 
way. 


responses along 
children re 
Of these 19 


made only one unnecessary response, 


Forty-two 


such as choosing X once or repeating 
the A-B sequence once before getting 
G. (c) The third category 
the 53 Ss 


sponse, 67 


includes 
who made no initial re- 
other Ss made an 
initial response but never reached the 
point ot dropping B into G, and the 
5 Ss who dropped Y into G 

What 
is that the 
for children 


who 


show 
difficult 
since most 
Neverthe- 
Phir 
teen percent of the Ss solved it with 


maximum efficiency and 
»29, 


these overall results 


problem was 
under 6 yr., 
of them did not solve it 


less, there were some solutions 


an additional 


reached solution albeit with 
unnecessary detours. 

The effect of each order of presenta- 
tion on the initial and subsequent 
the 


shown in 


inferential se 
Table 1 lhe 
attributable to order on 
the 
statistically reliable, according to the 


components ofl 
quence is 
differences 
either of components are not 
x? tests of independence applied to 
to each table. 

The fact that no reliable 
differences between any of the orders, 


there are 


when each one is taken by itself, may 
be attributable to the small N. One 
way to provide more stable tests of 
the influence of several independent 
the N by 
combining the relevant experimental 
Table 2 
age terms the results of combinations 
dictated by 


described 


variables is to enlarge 


groups. resents in percent 


considerations to be 
The i 
will correspond to successive headings 


of Table 2. 


following analysis 
y 


Precedence of A-B or B-G The 
hypothesis tested was the one generated 
both the Hullian 


first 


from and Skinnerian 
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PAB 


1” INFERENTIAI 
DIFFERENT ORDER OF 


\-B 


B-G 


B-G preced 


\-B precedes 


mtiguity of 


yf anal Sl 
ybability of infers 
when the B-G 
\-B segment than vice versa 
for Groups I, II, and III we 
and compared with tl 
IV, V, and VI 
any differences, 


duced 


their 


nce would be greater 
re eded the 
rhe data 


combined 


segment | 
re 
r combined Groups 
Rather than empl gz 

ather thar phasizing 


this combination pro 
for 


slight differ 


that are remarkable 


occu! 


re sults 
similarity 


that do 


very 


ences are in a direction 
opposite to the prediction 
r of A-B and 


wood has stressed the 


Contiguity 


B-G 


importance 


Under 
ol 
for | He 
“The assumption is that 
in order for relationships to be 


contiguity roblem solving 


writes, basi 
perceived 
and acquired, responses to those stimuli 
Underwood, 1952, 


to 


must be contiguous” 
p. 212 


present situation, this 
that 


Roughly the 


issumption would 


translated 


would 
B-G 


behav ior 


\-B 


inferential 
the 


pre dic { 


be 


when and 


BEHAVIOR 


RESPONSES ON 


IN CHILDREN 


lest TRIAL Accor 
ACQUISITION VARIABLI 


DIN 


\-B and B-G 


segments are contigu 


possibility, the four 

in which these segments were 
I, II, IV, and \ 

compared with the 

X-} 


\ 


contiguous 


were ombined and 


two remaining ere 


Ups 


In which he 


st 


gmen 


and 


are 


B-G 


ich that 


be tween 


pose d 


differences obtained 


initial response results are in a directio1 
opposed to the prediction, but the correct 
integration responses are in accord with 
it. 
small and the null hypothesis is highly 
( 


experiment, 


The differences, however, are vet 
in tl 


be 


inferential 


tenable ontiguity, as defined 


does not seem to 


the 


an 
important variable in 
behavior of children 
Position of B-G 
ol inferen« ec wx Ke rie 
it was possible to make 
of the effect of the 
It 


initial 


arlier 


ller 


In an ¢ stud 


Kendler 1956 
limited tests 


order ol present ition 


was found that there 


\) 


variable 


more correct choices 
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than when it was first 


In that « yperiment there were no groups 


in which Was presented second, 


and there was no separate measure of 


the second component of the inference 


response.) To determine the generality 
of the observed relationship, the present 
data were compared for groups in which 
B-G was first (I and III), second (II and 
IV), and last (V and VI) Although 


the differences were not reliable, they 


are consistent with previous findings 


Chere is a very slight increase in correct 


initial responses as B-G goes from first 


There 


category ol 


to last. ‘r incres 


“correct integration re 


None 


statisti al 


sponses with unnecessary steps.” 
of these differences achieve d 
significance. 

initial 
1956) a 


S to alternate 


Last subgoal segment In the 


study Kendler & Kendlet 


tendency was observed for 


his first test response with his last 


training response. If, for example, the 


was X-Y, the prob 


initial test 


last training trial 


ability of a correct response 
Conversely, if the last 
\-B, the probability 
response (X 


There was some 


\) increased 
training trial were 
of an incorrect initial test 
increased. suggestion 
that this effect was related to the spec ific 
apparatus and procedure employed, rather 
than to the inference process as such 
This suggestion was supported in that 


in the 


present experiment with an 


improved apparatus, the tendency ‘‘to 
alternate” disappeared. 
On the 


whole, the present results fail 


to lend any support to the idea that the 
order-of-presentation variable is an im 
one in the inferential behavior 
of young children. 


portant 
rhe results are also 
with the 
formulations of Hull 
(1938), and 


apply to the present experiment. 


inconsistent extensions of the 
1935, 1952), Skinner 
(1952) as they 
These 
inconsistencies lend themselves to three 
rhe first is 
that the theoretical notions involved ars 
inapplicable to the kind of 
is being studied. 
The second possibility is that the fault 


Underwood 


general interpretations. 
problem 
solving behavior that 


lies not with the theoretical assumptions 


but the manner in which they were 
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tested. 


that 


Perhaps experimental operation 
better 


mediated responses would have produced 


allowed a control of S's 
results more in line with the predictions 
that additional 
added to 
inferential be 
\ssuming bidirectional 


such 


Che third possibility is 


assumptions must be 


those 
tested to account for 
havior. verbal 
associations would be 


bility. It 


one possi 


remains for future research 
and theory to decide which of these three 


alternatives is most appropriate 


SUMMARY 


An experiment was conducted on 
between 30 and 65 mo. of age to determine 
behavior 
two discretely 
havior segments is influenced by the order in 
which 
training 


whether inferential resulting from 


the linkage of icquired be 


these segments are pres¢ ited during 


Explanation of inference by the 


invocation of either the goal 


anticipatory 
mechanism or secondary reinforcement would 
imply that order would be a variable Lhe 
results failed to implication 
Since no statistically reliable differences 
found to be attributable to order, the sug- 


confirm § this 


were 


gestion is that it does not have an important 


influence on inferential behavior in children 
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